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INTRODUCTION 


A  growing  and  affluent  society  is  creating  an  ever  increasing  need 
for  energy.  Attention  has  focused  on  the  energy  fuels  and  sources 
existent  in  the  western  States,  primarily  the  Rocky  Mountain  and 
the  Northern  Great  Plains  Coal  Provinces  due  to  the  abundance, 
simplicity  of  extraction,  and  the  high  quality  of  the  resources 
present. 

It  is  the  responsibility  of  the  Bureau  of  Land  Management  to  encourage 
and  assist  in  meeting  these  energy  demands  and  at  the  same  time  assure 
sound  reclamation  so  that  the  disturbed  lands  are  returned  to  a 
productive  and  useful  state. 

Purpose 

The  main  purpose  of  this  study  is  to  determine  the  reclamation 
potential,  the  problems  that  would  be  involved  in  reclaiming  the  area, 
the  measures  that  would  be  required  to  establish  satisfactory  conditions 


Objectives 


The  overall  objectives  of  the  Energy  Minerals  Resource  Inventory  and 
Analysis  (EMRIA)  program  are  as  follows; 

1.  To  evaluate  environmental  effects  of  surface  mining  of  areas  under 
consideration  for  coal  development. 

2.  To  provide  resource  and  impact  information  for  the  leasing  site 
selection  procedures  as  set  forth  by  the  Secretary  of  the  Interior. 

3.  To  provide  environmental  resource  and  reclamation  information 
needed  for  development  of  effective  lease  stipulations  as  required 
by  the  mined  land  reclamation  program. 

4.  To  provide  resource,  impact,  and  reclamation  information  to 
support  State  and  local  regional  development  and  land  use  planning 
efforts. 

5.  To  determine  the  present  and  potential  capability  of  the  surface 
soil  and  subsurface  resources  to  support  vegetation  on  known  energy 
fuel  deposits. 

6.  To  provide  physical  and  chemical  data  from  which  realistic 
stipulations  may  be  prepared  for  energy  mineral  exploration,  mining, 
and  reclamation  plans. 


7.  To  provide  data  needed  in  the  preparation  of  Technical  Examination, 
Environmental  Analysis  Records,  Environmental  Impact  Statements,  and 
to  aid  in  the  review  of  mining  and  reclamation  plans  for  proposed 
land  disturbing  activities  in  the  vicinity  of  the  study. 

Authority 

Public  Land  Administration  Act  of  July  14,  1969  (74  Stat.  506). 

Responsibility 

The  following  agencies  were  involved  in  the  study. 
Bureau  of  Land  Management 

1.  Select  reclamation  study  areas  for  coordinated  investigation 

of  vegetation,  soil  geological  structure,  surface  water,  and  ground 
water. 

2.  Prepare  coordination,  issue  and  monitor  the  execution  of  work 
orders. 

3.  Review  and  consolidate  work  order  and  field  office  data  and 
prepare  input  to  reports  published  by  the  Bureau  of  Reclamation. 

4.  Procure  easements  and  rights-of-way  to  conduct  the  studies. 

5.  Distribute  technical  data,  reports,  and  reclamation  and  rehabilitation 
recommendations  to  Bureau  of  Land  Management  field  offices. 

Bureau  of  Reclamation 

1.  Conduct  land  studies,  including  a  land  classification,  soil  survey, 
and  laboratory  characterization  program. 

2.  Conducts  drilling  operations  for  the  procurement  of  core  samples 

to  be  used  for  the  analysis  of  geological  strata  in  overburden  materials. 

3.  Map  surface  geology. 

4.  Prepare  geologic  logs  on  drill  holes. 

5.  Collect  coal  samples. 

6.  Installs  casing  in  holes  selected  for  ground  water  observation  wells. 

7.  Characterizes  and  interprets  data  available  on  soils  and  overburden 
materials  as  well  as  substrata  immediately  below  the  coal  resources  in 
relation  to  reclamation  and  revegetation. 


8.  Advises  and  recommends  suitable  plant  species  for  use  in  areas 
to  be  reclaimed. 

9.  Advises  and  recommends  reclamation  techniques. 

10.  Coordinate,  assembly,  and  printing  of  final  report. 
Geological  Survey 

1.  Conduct  vegetation  and  soil  studies  which  will  result  in 
vegetation  maps  and  related  hydrologic  properties  of  soils. 

2.  Assess  reclamation  potential  based  on  water  availablity. 

3.  Prepare  sediment  yield  maps. 

4.  Prepare  erodability  illustrations. 

5.  Determine  rainfall -runoff  relationships  and  analyze  surface  and 
subsurface  waters  for  chemical  quality. 

6.  Coal  sections  and  well  logs. 

7.  Coal  bed  maps  showing  coal  resources. 

8.  Tabulation  of  coal  resources  estimates. 

9.  Table  of  analytical  results  on  coal  resources. 

10.  Graphic  presentation  of  analytical  results. 

a.  Vertical  -  Plotted  against  well  logs. 

b.  Horizontal  -  Plan  view  if  significant. 

11.  Evaluation  of  the  effects  of  mining  on  the  rea  hydrology  and 
downstream. 


Location  and  Setting 

The  area  under  consideration,  referred  to  as  the  "Red  Rim"  reclamation 
study  area  is  located  approximately  15  miles  southwest  of  Rawlins. 
The  lands  being  studied  lie  within  the  Carbon  and  Sweetwater  Counties 
described  as  follows: 

T.  20  N.,  R.  90  W.  T.  19  N.,  R.  90  W. 

All 


sec.  28:  SE%  sec.  4 

sec.  34:  All  sec.  8 

sec.  18 


Wh,   W^SWis,  SE% 
All 


MINERALS  OWNED  BY 
THE  FEDERAL  GOVERNMENT 
Symbol  Mineral  Rights 

All  Minerals 


|      Coal  Only 


Oil  and  Gas  Only 


Oil.  Gas.  and  Coal  Only 


D 


No  symbol  indicates  no 
Federal  minerals. 


Note:     Acquired  and  L.U.  may 

include  term  or  fractional 
interest  for  mineral  shown. 
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Figure    I 


Land  ownership  is  in  a  checkerboard  pattern  as  a  result  of  the 
grant  of  alternate  sections  to  Union  Pacific  Railroad  within  a 
20  mile  limit  both  sides  of  the  right-of-way.  The  Bureau  of  Land 
Management  administers  the  surface  and  all  the  minerals  in  the 
reclamation  study  area. 

The  communities  of  Rawlins,  Sinclair,  and  Wamsutter  are  located  north 
along  Interstate  Highway  80. 

Major  highways  in  the  area  are  Interstate  80  and  State  Highway  789 
south  of  Creston  Junction.  County  road,  twenty-mile  road  south  of 
Rawlins  along  with  undeveloped  trail  roads,  make  up  the  remaining 
road  system. 

Separation  Creek  is  the  major  drainage  in  the  area. 

The  area  is  characterized  by  numerous  short  draws  and  sandstone 
outcroppings  originating  from  Red  Rim  and  feeding  into  long 
meandering  draws  which  traverse  the  rolling  to  flat  terrain. 


Brief  Historic  Summary 

There  is  evidence  of  early  man  in  this  area.  Modern  man  used  the 
Overland  Trail  which  lies  south  of  this  area  as  a  major  transportation 
system  in  the  migration  westward.  The  land  has  been  used  primarily 
for  livestock  grazing,  ranching,  mineral  exploration  and  development, 
hunting  and  recreation. 


CULTURAL  RESOURCES 


Archeological 


There  are  41  known  sites  within  the  Red  Rim  mining  area  threatened 
with  complete  or  partial  physical  destruction  if  mining  occurs. 
Those  which  do  not  meet  the  criteria  for  inclusion  in  the  National 
Register  would  be  excavated  or  salvaged.  An  indeterminate  amount 
of  archeological  information  would  be  lost  by  removing  the  cultural 
materials  from  their  original  context  and  destroying  the  site 
locations. 

Historical 


No  resources  have  been  located  within  the  lease  area;  however,  this 
does  not  discount  the  possibility  of  historical  resources  being 
located  in  the  future  during  intensive  cultural  surveys. 


Biological  Resources 
Wildlife 


Pronghorn  Antelope 


A  cursory  examination  of  the  4%  sections  of  national  resource  lands 
was  performed  on  June  8,  1976.  The  topography  of  Red  Rim  ranged 
from  moderate  cliffs  and  rims  to  rolling  hills  in  the  adjacent  areas. 
The  major  big  game  animal  species  in  the  area  is  pronghorn  antelope, 
which  depend  on  big  sagebrush  for  survival.  The  rough  physical 
features  of  the  countryside  provide  ideal  year  long  habitat  for 
pronghorn.  The  draws  contain  sagebrush  heights  desirable  for  fawning 
areas  and  are  used  extensively  for  this  purpose. 

The  area  provides  the  daily  forage  requirement  of  3.5  pounds  per 
animal  for  antelope  during  the  winter  season.  The  area  should  rate 
good  for  winter,  spring,  and  summer-fall  seasons  according  to  the 
Big  Game  Habitat  Condition  Rating  Criteria  as  shown  in  the  appendix. 

The  draw  beginning  in  the  eastern  edge  of  section  4  and  extending 
northward  through  section  34  was  receiving  a  high  degree  of  use  by 
solitary  doe  antelope  during  the  time  of  examination.  Fawns  were 
present  in  the  area.  These  factors  indicate  the  sections  of  concern 
and  provide  an  important  area  for  antelope  fawning,  a  basic  life 
function  which  is  critical  to  the  perpetuation  of  the  species.  The 
area  described  must  be  classified  as  a  crucial  antelope  fawning  area 
as  well  as  an  area  which  provides  other  basic  life  requirements  for 
antelope. 

Mule  Peers 

The  ridgetops  and  slopes  along  Red  Rim  and  the  slopes  to  the  west 
contain  an  abundance  of  browse  plants  for  wintering  mule  deer.  The 
major  species  of  browse  are  bitterbrush,  rabbitbrush,  mountain 
mahogany,  and  sagebrush.  A  browse  utilization  transect  was  completed 
within  the  area  on  June  25,  1976.  Results  show  mountain  mahogany 
comprising  50  percent  of  the  browse  stand  and  receiving  59  percent 
utilization.  Bitterbrush  makes  up  only  12  percent  of  the  browse  stand 
but  receives  57  percent  utilization.  The  age  class  of  the  browse  stand 
shows  90  percent  mature  plants  with  some  young  and  some  dead  plants, 
an  indication  of  a  healthy  browse  stand.  The  form  class  does  not 
indicate  overuse.  Pellet  group  counts  show  27.7  animal  days  per  acre 
for  mule  deer  and  13.8  animal  days  per  acre  for  antelope. 

These  figures  indicate  a  fair  number  of  deer  making  fairly  heavy  use 
on  a  limited  amount  of  browse.  The  browse  plants  that  are  present 
are  extremely  important  to  the  deer  using  the  area  due  to  the  limited 
extent  of  the  browse  stand.  The  browse  covered  ridge  tops  and  slopes 


provide  crucial  winter  habitat  for  the  mule  deer  present.  Additional 
field  evaluations  will  be  necessary  to  rate  the  area  for  mule  deer 
habitat,  according  to  the  Big  Game  Habitat  Condition  Rating  Criteria 
shown  in  appendix  F. 

Raptors 

The  cliffs  along  Red  Rim  provide  numerous  nesting  sites  for  several 
species  of  raptors.  Active  nests  were  observed  along  the  rim  during 
the  field  examination.  The  rim  appears  to  contain  several  historic 
raptor  nesting  sites,  particularly  for  falcons  and  eagles,  although 
other  raptor  species  are  surely  present.  The  surrounding  stream 
bottoms  and  rolling  prairie  provide  ample  hunting  opportunities  for 
several  species  of  raptors  in  the  area.  The  cliffs  along  Red  Rim 
provide  nesting  habitat  which  is  critical  in  the  life  cycle  of  the 
raptors  using  the  area.  Therefore,  the  cliffs  must  be  considered 
as  crucial  nesting  habitat  for  raptors. 


Visual  Resources 

The  Visual  Resource  Management  Analysis  for  the  region  which  includes 
the  Red  Rim  Study  Area  evaluates  the  area  as  having  low  scenic 
qualities.  It  is  located  in  a  visual  background  zone  as  observed 
from  the  primary  travel  routes  (Interstate  80  and  Wyoming  State 
Highway  789).  Located  just  west  of  Red  Rim  proper,  the  study  area's 
topography  consists  primarily  of  rolling  hills  dissected  by  inter- 
mittent drainages.  However,  a  brief  examination  on  June  8,  1976 
of  National  Resource  Lands  in  the  area  indicate  that  the  topographic 
relief  of  the  Red  Rim  proper  (just  east  and  adjacent  to  the  study 
area)  possesses  striking  scenic  variety.  This  variety  is  expressed 
by  moderate  cliffs  and  rims  broken  up  by  sloping  alluvial  drainages 
to  the  east.  The  Rim's  white,  red,  and  brown  sandstone  outcroppings 
highlights  an  appealing  visual  contrast,  but  cannot  be  considered 
exceptional  in  comparison  to  other  areas  in  the  region. 

Present  recreational  activities  in  the  area  consists  primarily  of 
big  game  hunting  and  possibly  off-road  vehicle  use.  The  checkerboard 
land  ownership  pattern  and  general  topographic  nature  of  the  study 
area  does  not  make  it  well  suited  for  extensive  off-road  vehicular 
use. 
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CI imate 

The  climate  in  the  Red  Rim  area  is  classified  as  semi-arid  (Wesche 
and  Shinner  1973).  Deep  cold  air  masses  from  Canada  occasionally 
invade  from  the  northwest  and  characteristically  turn  eastward  while 
shallow  cold  air  masses  rarely  reach  the  area.  The  predominant  air 
masses  from  the  Pacific  coast  deposit  most  of  their  moisture  over 
the  mountain  ranges  in  western  Wyoming  while  air  masses  from  the 
Gulf  of  Mexico  seldom  reach  as  far  north  as  Wyoming. 

The  nearest  weather  station  is  in  Rawlins,  400  feet  lower  in  elevation 
and  approximately  15  miles  to  the  northeast  of  the  study  area. 

Temperature 

Temperatures  at  Rawlins  are  normal  relative  to  the  elevation  gradient 
and  are  representative  of  the  study  area.  The  mean  annual  temperature 
at  Rawlins  is  43  degrees  F.  The  mean  monthly  temperature  (F)  are  as 
follows: 

January  22 

February  24 

March  30 

April  41 

A  graph  of  the  highest  maximum  and  lowest  minimum  monthly  temperatures 
and  mean  for  the  Rawlins  airport  and  maximum  mean  and  minimum  mean 
monthly  temperatures  is  presented  in  Figure  2. 

The  growing  season  for  establishing  grasses  on  mine  spoils  is 
approximately  70  to  80  days.  This  was  estimated  by  the  time 
between  the  date  that  mean  monthly  minimum  temeratures  exceed  28°F 
(approximately  the  first  week  of  April)  and  the  date  potential 
evapotranspiration  is  greater  than  available  moisture  (about  the 
middle  of  June).  Mean  monthly  temperatures  at  Rawlins  were  used 
and  adjusted  to  the  study  area  by  the  factor  of  a  decrease  in 
temperature  of  5°F  per  1,000  feet  increase  in  elevation. 

Precipitation 

Mean  annual  precipitation  at  Rawlins  is  10.43  inches  with  the  highest 
annual  total  of  11.72  inches  occurring  in  1965  and  the  lowest  annual 
precipitation  of  4.9  inches  occurring  in  1954.  Average  precipitation 
is  as  follows: 

January  -  March  April  -  June  July  -  September  October  -  December 

Snow  Snow  and  Rain       Rain  Snow 

2.26  inches     3.40  inches     2.59  inches       2.18  inches 
22  percent      32  percent      25  percent       21  percent 

As  can  be  seen,  the  greatest  amount  of  precipitation  occurs  in  spring 
and  early  summer.  The  winter  months  of  October  to  March  average  less 
than  0.6  inches  per  month.  The  mean  annual  snowfall  at  Rawlins  is 
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Figure  2. 
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42  inches  and  contributes  approximately  40  percent  of  the  annual 
precipitation.  During  the  summer  months  showers  are  fairly  frequent, 
however,  they  are   rather  light  and  often  amount  to  a  few  hundredths 
of  an  inch.  Occasionally  there  will  be  some  very   heavy  rain 
associated  with  local  thunderstorms  covering  a  few  square  miles. 

Evapotranspiration 

Evapotranspiration,  as  estimated  using  the  Blaney-Criddle  method, 
for  grass  lands  and  mean  monthly  precipitation  are  as  follows: 

April   May   June   July   August   September   October 

E.T.     1.11    3.64  5.46   6.54    5.40      3.11      1.32 
Prec.    1.07    1.43   .90    .87     .76       .96       .98 

The  above  figures  show  that  soil  moisture  becomes  limited  in  June 
and  soil  moisture  deficits  increase  throughout  the  summer  months. 

Wind 

The  winds  at  Rawlins  are  predominantly  (45  percent  of  the  time)  from 
the  west-southwest  (Table  1  ).  The  winds  are  calm  23  percent  of  the 
time  and  the  wind  speed  (4.26  percent  of  the  time)  is  greater  than 
25  mph.  The  winds  have  a  higher  average  velocity  in  winter  (17  mph) 
than  in  summer  (10  mph)  with  an  annual  average  of  14  mph. 

Effect  of  Weather  in  Site  Revegetation 

Climatic  factors  will  have  an  adverse  effect  on  revegetation  of  the 
Red  Rim  study  area.  The  most  important  weather  related  factor 
influencing  reclamation  techniques  and  procedures  are  the  low 
precipitation,  high  wind  velocities,  and  the  resulting  high  potential 
evapotranspiration  rates.  The  winter  winds  redistribute  the  snow 
leaving  many  areas  bare.  Where  the  snow  has  been  removed  among 
recently  established  vegetation,  large  amounts  of  winterkill  occur. 
Soil  movement  caused  by  the  wind  also  damages  and  kills  vegetation 
by  its  abrasive  action.  Because  of  greater  amounts  of  incoming 
solar  radiation  and  dry  westerly  winds,  south  and  west  facing  slopes 
tend  to  be  more  droughty  than  north  and  east  facing  slopes.  The 
result  is  an  unfavorable  environment  for  seed  germination  and  plant 
growth . 
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PHYSICAL  PROFILE 

Topography 

The  Red  Rim  area  is  located  in  southcentral  Wyoming  on  the  south 
flank  of  the  Wamsutter  Arch  (Sanders,  1974).  The  arch,  an  indistinct 
structural  feature,  acts  as  an  east-west  divide  between  the  Great 
Divide  Basin  to  the  north  and  the  Washakie  Basin  to  the  south.  The 
Red  Rim  study  area  is  located  in  the  extreme  southeastern  part  of 
the  Great  Divide  Basin.  This  basin,  approximately  75  miles  from 
east  to  west  and  50  miles  from  north  to  south,  is  bounded  by  the 
Ferris  Mountains  and  Antelope  Hills  on  the  north,  Seminoe  Mountains 
on  the  northeast,  the  Rock  Springs  uplift  on  the  west,  and  by  minor 
uplifts  and  lessor  mountain  ranges  encompassing  the  remaining 
perimeter.  The  southern  section  of  the  Great  Divide  Basin  is  known 
as  the  Red  Desert,  so  called  due  to  its  aridity  and  the  red  surface 
coloration  of  soils  of  the  area. 

The  Red  Rim  area  is  typical  of  semi-arid  rolling  to  rugged  high 
plains.  The  uplands  are  incised  by  numerous  draws  and  small  valleys 
tributary  to  the  major  drainage  known  as  Separation  Creek,  normally 
flowing  for  only  short  durations,  primarily  during  the  period  of 
spring  snowmelt.  General  topography  varies  from  gently  sloping 
to  steeply  sloping.  The  alluvial  fans  which  adjoin  the  narrow 
floodplain  of  Separation  Creek  are  gently  sloping,  with  slopes  of 
three  percent  being  dominant.  Between  the  uplands  and  Separation 
Creek  are  numerous  narrow  valleys  of  moderate  slope.  On  the 
leeward  side  of  Red  Rim  and  other  southwest-northeast  ridges 
east  of  Separation  Creek,  the  topography  is  both  irregular  and 
rough.   This  is  due  to  a  combination  of  aeolian  sand  deposition 
on  north  and  east  slopes  which  break  into  the  fairly  steep  drainage- 
ways.  Drainages  within  the  landscapes  dominated  by  sandstone  ridges 
are  normally  more  U-shaped  in  cross  section  than  are  the  drainages 
originating  from  uplands  underlain  by  medium  textured  siltstones 
and  soft  shales. 

Elevations  in  the  Great  Divide  Basin  range  from  6,400  to  above  9,200 
feet,  with  Whiskey  Peak  on  the  northern  most  edge  of  the  basin,  rising 
to  9,225  feet  above  sea  level.  By  comparison  the  elevations  reach 
over  10,000  feet  in  the  Wind  River  Range  north  of  and  over  12,000 
feet  in  the  Park  Range  south  of  the  Great  Divide  Basin.  The  Red  Rim 
study  area,  approximately  2,600  acres  in  size,  has  elevations  ranging 
from  6,800  to  7,340  feet.  The  town  of  Rawlins,  Wyoming,  which  is 
approximately  15  miles  northeast  of  the  study  area,  has  an  elevation 
of  6,775  feet. 

The  geology  has  played  an  important  role  in  the  relief  and  landforms 
of  the  study  area.  Narrow  ridge  crests  with  steep  side  slopes  and 
escarpments  dominate  the  uppermost  landscapes.  These  areas  contain 
a  sizable  portion  of  exposed  sandstone  and  siltstone.  The  red 
sandstone  Red  Rim  escarpment  and  the  associated  ledges  are  the  most 
striking  feature  of  the  area. 
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Geol ogy 
Regional  Geology 

The  Great  Divide  Basin  is  a  hydrographically  closed  structural  basin. 
Due  to  low  annual  rainfall  and  high  evapotranspiration  rates,  the 
Great  Divide  Basin  has  no  outlet  and  consequently  waters  from  the 
area  never  reach  the  sea  (Fenneman,  1931). 

Underlying  the  Great  Divide  Basin  are  thick  sequences  of  sedimentary 
deposits.  These  sediments  have  produced  uranium,  oil,  gas,  and  coal 
from  various  scattered  locations  within  the  basin.  Structural  relief 
between  Precambrian  rocks  beneath  this  basin  and  the  same  rocks  in 
the  mountains  to  the  north  of  the  basin  are  on  the  order  of  26,000 
feet  (Thornbury,  1965). 

To  the  southeast  of  the  Great  Divide  Basin  is  a  line  of  uplifts  marked 
by  the  Rawlins  uplift,  Hatfield  Dome,  Miller  Hill-Lake  Valley  anticline, 
and  Espy  anticline.  These  uplifts  have  given  strata  in  the  study  area 
a  homoclinal  northwest  dip  (Sanders,  1974).  The  dip,  combined  with 
differential  weathering,  has  given  rise  to  a  belt  of  dissected  cuestas 
and  hogbacks  in  the  vicinity  of  the  study  area. 

Site  Geology  and  Stratigraphy 

The  Red  Rim  area  is  located  on  the  south  flank  of  a  broad  low 
structure  known  as  the  Wamsutter  Arch.  Dips  of  the  formations  within 
the  project  area  range  from  24  degrees  in  some  places  along  the  Red 
Rim  to  11  degrees  in  the  area  adjacent  to  Separation  Creek.  Generally, 
slopes  within  the  study  area  tend  to  be  slightly  less  steep  than  the 
dips  of  the  underlying  strata  but  become  much  steeper  in  drainages. 
Surface  expressions  of  underlying  structure  in  the  study  area  tend 
to  follow  the  strike  of  the  strata.  The  strike  of  beds  of  the  Fort 
Union  and  Lance  Formations  are  northeast-southwest  and  beds  have  a 
homoclinal  northwest  dip. 

Areas  of  very   high  relief  (breaks)  and  very   low  relief  may  be  found 
in  section  4,  T.  19  N.,  R.  90  W.  Breaks  occur  throughout  the  vicinity 
of  the  study  area  and  are  interspersed  with  flat  areas  such  as  that 
adjacent  to  Separation  Creek.  Separation  Creek  has  5-  to  10-foot 
high  banks  throughout  much  of  its  course. 

The  Red  Rim  is  the  most  prominent  feature  in  the  study  area  vicinity. 
It  is  a  northeast-southwest  trending  hogback  200-feet  high.  To  the 
northwest  are  a  series  of  dissected  cuestas  becoming  flatter  as  the 
dip  of  underlying  strata  becomes  more  horizontal.  In  several  areas 
differential  erosion  has  left  unusual,  strange  shaped  rock  formations 
as  shown  by  photographs  on  pages  [S^  and  l_6.  These  areas  are  primarily 
adjacent  to  the  Red  Rim  but  some  of  the  formations  are  also  located 
in  the  area  immediately  southeast  of  Separation  Creek. 
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The  "Eagles"   rock  formation  near  deep  drill    Hole  No 
which  looks   like  a  pair  of  large  birds. 

Photo  1 


The  "Stone  Hut,"  odd  rock  formation  near  deep  drill 
Holes  No.  3  and  No.  4.  Pile  of  rocks  on  top  is  a 
"Sheepherder 's  Monument." 

Photo  2 
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View  of  the  "Turtle,"  an  unusual  shaped  sandstone 
formation  on  the  project  area. 

Photo  3 


The  "Snail,"  strangely  shaped  sandstone  formation  in 
the  project  area. 

Photo  4 
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The  primary  formation  within  the  Riner  Quadrangle  is  the  Tertiary 
Fort  Union  Formation.  In  the  southeast  corner  of  the  quad,  the 
underlying  Cretaceous  Lance  Formation  is  exposed.  In  the  northwest 
corner  of  the  quad,  the  Eocene  Wasatch  crops  out  as  the  overlying  bed 
of  the  Fort  Union. 

Drilling  and  surface  information  as  shown  on  Saunders  map  (1974) 
indicates  that  the  Pal  eocene  Fort  Union  Formation  is  approximately 
1 ,500-feet  thick  locally.  Below  this  formation  is  a  500-  to  600-foot 
thick  sandstone  which  lies  uncomfortably  upon  the  Cretaceous  Lance 
Formation.  The  Lance  Formation,  which  is  3,800-feet  thick,  is 
underlain  by  the  Lewis  shale  and  the  Mesaverde  Formation,  also 
Cretaceous  in  age.  The  Lewis  shale  is  approximately  2,000-feet 
thick  and  the  Mesaverde  Formation  was  not  drilled  through. 

The  major  constituent  materials  underlying  the  Fort  Union  are: 
Lance  Formation,  sandstone  and  shale,  Lewis  shale,  shale,  Mesaverde 
Formation,  sandstone,  shale,  and  coal  (Sanders,  1974). 

The  middle  to  lower  Fort  Union  Formation,  prime  coal -bearing 
formation  in  the  Riner  Quadrange.  is  about  2,000-feet  thick  including 
the  basal  sandstone  member.  The  Fort  Union  Formation  is  composed 
primarily  of  siltstone,  sandstone,  shale,  and  coal.  More  detailed 
descriptions  of  the  Fort  Union  in  the  study  area  are  found  in  the 
drill  logs  and  geologic  maps. 

Geologic  Logs,  Map,  and  Cross  Section 

The  geologic  logs  of  drill  holes  DH-1  through  DH-10  are  shown  in 
appendix  A.   These  logs  have  been  revised  to  include  a  comparison 
of  the  various  rock  types  encountered  in  the  drill  holes  with  the 
suitability  of  using  these  rock  types  as  a  plant  growing  medium. 
Ratings  of  suitable,  doubtful,  and  unsuitable  are  used  and  the 
basis  for  these  ratings  are  discussed  under  "Overburden  Evaluations." 

The  approximate  location  of  the  above  drill  holes  is  shown  on  the 
surface  geologic  map,  plate  J_.  This  map  also  indicates  the  locations 
of  the  geologic  cross  sections.  Photographs  showing  the  drill  sites 
and  surrounding  Red  Rim  area  are  shown  on  pages  19^  through  2^3. 

Geologic  cross  sections  shown  on  plate  2_,   drawing  number  X-700-123, 
are  included  to  demonstrate  general  stratigraphic  correlation.  The 
dip  of  beds  shown  is  adjusted  for  vertical  exaggeration  and  is  shown 
as  an  apparent  dip  along  line  of  section.  Specific  correlation  of 
coal  beds  is  described  in  the  coal  resources  narrative. 
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EXPLANATION 

ALLUVIUM    AND    COLLUVIUM     UNDI VI DEO  -  Mainly    unconsolidated    poorly 
sorted    argillaceous    silt    but    locally    reflects    lithologies    of    adjacent    units. 

PLAYA  LAKE  DEPOSITS  —  Light  -  gray-  brown  compact  expandable  clay,  the 
surface  of  which  is  seasonally  "whitened"  by  alkali  salts.  Quartz  or  gan- 
ister  ventifacts  1-2  inches  in  diameter  litter  surface  of  playo  but  not  adjacent 
colluvial    areas. 

GRAVEL  -  Unconsolidated,  poorly   sorted;    composed    of    subrounded    quartzite, 
granite,  ond   dark    chert   pebbles    similar    to    those    of    Opg    from    which  they 
are   probably  derived.     In    port   as    terrace   remnants    55-85    feet    above 
Separation    Creek. 

SILTSTONE,    SANDSTONE.   SHALE.    AND    COAL  -  Complexly    interbedded    com- 
monly  lenticular    or   discontinuous    sequence    of    beds.     Sandstone,   light-colored, 
argillaceous,    fine-to   medium -grained;    commonly    contains    ferruginous    con- 
cretions.    Slltstone,    light-brown    to   orange,  commonly    ferruginous,  argillaceous. 
Shale,   light-to  dark-gray,   locally   maroon;   locally   contains   numerous   plant 
fossils.    Coal    beds    are    generally    thin    and    discontinuous   with    lenticular 
thickenings   to   as    much   as   9   feet.     Plant,   Uniolid    pelecypod,  viviparid    gastro- 
pod,   turtle,  and   crocodilian   fossils   locally   numerous.     Approximately   1500  feet 
thick. 

SANDSTONE  -  Light-gray  (weathers   pink,  red,  or   brown),    thick-bedded   to  massive 
medium-or    coarse-grained,  generally   crossbedded;    contains  well-rounded   0.5- 
inch   chert    pebbles.    Chert   pebbles   are    common   in    stringers   in    basal   units. 
Dark-gray   shales    separate    the    generally   disconformable   sandstones   locally. 
Approximately    500-600   feet    thick. 

SANDSTONE    AND    SHALE  -  Interbedded    light-gray    sandstone    andmedium-to 
dark-gray   and   gray-green   shale.     Piant   fragments   are   locally   numerous   in    the 
shale.     Upper    100   feet   contains   pebble-bearing    white   sandstone    lithologically 
similar    to    the    basal    beds    of   the   Fort    Union    Formation    from    which   it   can   be 
distinguished    by    its   less    massive    nature,    by   the    presence   of    large    bone 
fragments   (rare),   and   by    an    overlying    unit    of    20    feet    of    greenish -gray   shole. 
Approximately    3800   feet    thick. 


Coal    bed    outcrop- dashed    where    approximately   located,    short    dashes 
indicate    inferred   or   indefinite   location. 

Burned    coal    bed  —  approximately    located. 

Formotional    contact. 

Strike   and    dip   of    strata. 

Location    of    drill    hole. 


L 1     Location    of    geologic    cross   section. 

A  A' 

Note  i     Geology    bosed    on    U.S. 6.  S.    Coal    Investigations    Map    C-68,    Geologic    Map    and    Coal 
Resources    of    the    Riner    Ouadrangle,    Carbon    and    Sweetwater    Counties,    Wyoming     by 
Robert    B.  Sanders,    1974. 

For    geologic    cross    sections     A-A'    and    B-B1   see     Drawing     Number    X- 700 -123. 

For    detailed    subsurface    data    see    individual     drill    logs     and    Drawing    Number   X-700- 
123- 

Geology    for    Section    18,    T   19  N,    R  90  W     from    Coal    section    of    this    report,   by    J.  Hatch, 
U.S.G.  S. 
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Site  of  Deep  Hole  No.  1 


Photo  5 


Site  of  Deep  Hole  No.  2 


Photo  6 
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Site  of  Deep  Hole  No.    3 


Photo  7 
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Site  of  Deep  Hole  No.   5 


Photo  8 
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Site  of  Drill  Hole  No.  7  looking  west, 


Photo  9 


Site  of  Drill  Hole  No.  8  viewing  south. 

Photo  10 
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Site  of  Drill  Hole  No.  10  viewing  southwest  showing 
core  boxes  prior  to  transfer  to  the  Denver  Regional 
Soils  and  Water  Laboratory. 

Photo  11 


22 


Viewing  south  from  southeastern  edge  of  section  7 
towards  Deep  Hole  No.  8  which  is  located  near  trailer 
in  the  center  of  photograph  in  northeastern  corner 
of  section  18. 

Photo  12 


Viewing  east  from  southeastern  edge  of  section  7  towards 
the  Red  Rim  formation  in  the  background. 

Photo  13 
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NOTE 

Dip  of  coal  beds  adjusted  for  vertrct 
exageration  and  shown  as  apparent  di 
along  line  of  section. 

See    Drawing  Number   X  -  700  -  122 

for    location  of  sections. 

x    Denotes   major  direction  change  in 

Cross   Section. 
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SUPERFICIAL    SOIL    DEPOSITS 


As   stated  usually   is  weathered   material 
from   underlying  formation. 


FORT   UNION  FORMATION 

SANDSTONE  -  Quartose  generally    fine    grained 
but  may  grade  to  medium,  primarily  massive 
Occasionally  contains  carbonaceous  matter 
and/or    calcareous  or   ferruginous  cementation, 
grey  to  tan. 


NOTE 

Dip  of  coal  beds  adjusted  for  vertical 
exageration  and  shown  as  apparent  dip 
along  line  of  section 

See    Drawing    Number    X-  700-  122 

for    location  of   sections 

X   Denotes   major  direction  change  in 
Cross  Section. 


SHALE  -  Silty,    carbonaceous,   compact,  cracks 
upon  drying  and  breaks  down  upon  wetting. 
Locally  contains   very  thin    coal  seams,  grey 
to  dark  grey. 


CLAYSTONE  -  Similar  to   shale  but  softer, 
crocks  upon   drying  and   breaks  down   upon 
rewetting,  grey  to  dark  •  grey. 


SILTSTONE  -  Clayey  and/or  sandy  and/or 
carbonaceous,  occassionally  calcareous,  grey 
to  dark  grey. 


Sub  -  bituminous 
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locolions    of     section     see     Drawing    Numbe 
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COAL 
Origin 
Coal  has  been  defined  as  "a  readily  combustible  rock  containing  more 
than  50  percent  by  weight  and  more  than  70  percent  by  volume  of  carbonaceous 
material,  formed  from  compaction  or  induration  of  variously  altered  plant 
remains  similar  to  those  of  peaty  deposits.   Differences  in  the  kinds  of 
plant  materials  (type) ,  in  degree  of  metamorphism  (rank) ,  and  range  of 
impurity  (grade),  are  characteristics  of  the  varieties  of  coal"  (Schopf, 
1956).   Inherent  in  the  definition  is  the  specification  that  the  coal 
originated  as  a  mixture  of  organic  plant  remains  and  inorganic  mineral 
matter  that  accumulated  in  a  manner  similar  to  that  in  which  modern-day 
peat  deposits  are  formed.   The  peat  then  underwent  a  long,  extremely 
complex  process  called  "coalif ication"  during  which  diverse  physical  and 
chemical  changes  occurred  as  the  peat  changed  to  coal  and  the  coal  assumed 
the  characteristics  by  which  we  differentiate  Members  of  the  series  from 
each  other.   The  factors  that  affect  the  composition  of  coals  have  been 
summarized  by  Francis  (1961,  p.  2)  as  follows: 

1)  The  mode  of  accumulation  and  burial  of  the  plant  debris  forming 
the  deposits. 

2)  The  age  of  the  deposits  and  their  geographical  distribution. 

3)  The  structure  of  the  coal-forming  plants,  particularly  details 
of  structure  that  affect  chemical  composition  or  resistance  to 
decay. 

4)  The  chemical  composition  of  the  coal-forming  debris  and  its 
resistance  to  decay. 

5)  The  nature  and  intensity  of  the  plant-decaying  agencies. 
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6)   The  subsequent  geological  history  of  the  residual  products  of 
decay  of  the  plant  debris  forming  the  deposits. 
For  extended  discussions  of  these  factors,  the  reader  is  referred  to  such 
standard  works  as  Moore  (1940) ,  Lowry  (1945) ,  Tomkeief f  (1954) ,  Francis 
(1961) ,  and  Lowry  (1963) . 

Classification 

Coals  can  be  classified  in  many  ways  (Tomkeief f,  1954,  p.  9;  Moore, 
1940,  p.  113;  Francis,  1961,  p.  361),  but  the  classification  by  rank — 
that  is,  by  degree  of  metamorphism  in  the  progressive  series  which  begins 
with  peat  and  ends  with  graphocite  (Schopf,  1966) — is  the  most  commonly 
used  system.   Classification  by  types  of  plant  materials  is  commonly 
used  as  a  descriptive  adjunct  to  rank  classification  when  sufficient  mega 
and  microscopic  information  is  available,  and  classification  by  type  and 
quantity  of  impurities  (grade)  is  also  frequently  used  when  utilization 
of  the  coal  is  being  considered.   Other  categorizations  are  possible  and 
are  commonly  employed  in  discussion  of  coal  resources — such  factors  as 
the  weight  of  the  coal,  the  thickness  and  areal  extent  of  the  individual 
coal  beds,  and  the  thickness  of  overburden  are  generally  considered. 
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Rank  of  coal 

The  position  of  a  coal  within  the  metamorphic  series,  which  begins 
with  peat  and  ends  with  graphocite,  is  dependent  upon  the  temperatures 
and  pressure  to  which  the  coal  has  been  subjected  and  the  duration  of 
time  of  subjection.   Because  it  is  by  definition  largely  derived  from 
plant  material,  coal  is  mostly  composed  of  carbon,  hydrogen,  and  oxygen, 
along  with  smaller  quantities  of  nitrogen,  sulfur,  and  other  elements. 
The  increase  in  rank  of  coal  as  it  undergoes  progressive  metamorphism 
is  indicated  by  changes  in  the  proportions  of  the  coal  constituents — the 
higher  rank  coals  have  more  carbon  and  less  hydrogen  and  oxygen  than  the 
lower  ranks. 

Two  standardized  forms  of  coal  analyses--the  proximate  analysis  and 

the  ultimate  analysis — are  generally  used  in  the  world  today,  though 

sometimes  only  the  less  complicated  and  less  expensive  proximate  analysis 

is  made.   The  analyses  are  described  as  follows  (U.S.  Bur.  Mines,  1956, 

p.  121-122): 

"The  proximate  analysis  of  coal  involves  the  determination  of 
four  constituents:   (1)  water,  called  moisture;  (2)  mineral  impurity, 
called  ash,  left  when  the  coal  is  completely  burned; (3)  volatile 
matter,  consisting  of  gases  or  vapors  driven  out  when  coal  is  heated 
to  certain  temperatures;  and  (4)  fixed  carbon,  the  solid  or  cakelike 
residue  that  burns  at  higher  temperatures  after  volatile  matter  has 
been  driven  off.   Ultimate  analysis  involves  the  determination  of 
,         carbon  and  hydrogen  as  found  in  the  gaseous  products  of  combustion, 
the  determination  of  sulfur,  nitrogen,  and  ash  in  the  material  as 
a  whole,  and  the  estimation  of  oxygen  by  difference." 
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Most  coals  are  burned  to  produce  heat  energy  so  the  heating  value  of 
the  coal  is  an  important  property.   The  heating  value  (calorific  value) 
is  commonly  expressed  in  British  thermal  units  (Btu)  per  pound:   one  Btu 
is  the  amount  of  heat  required  to  raise  the  temperature  of  1  pound  of 
water  1  degree  fahrenheit  (in  the  metric  system,  heating  value  is 
expressed  in  kilogram-calories  per  kilogram) .   Additional  tests  are 
sometimes  made,  particularly  to  determine  the  caking,  coking,  and  other 
properties,  such  as  tar  yield,  which  affect  classification  or  utilization. 

Figure  4  compares  in  histogram  form  the  heating  value  and  moisture, 
volatile  matter,  and  fixed  carbon  contents  of  coals  of  different  ranks. 

Various  schemes  for  classifying  coals  by  rank  have  been  proposed  and 
used  but  the  most  commonly  employed  are  the  "Standard  specifications  for 
classification  of  coals  by  rank,"  adopted  by  the  American  Society  for 
Testing  and  Materials  (1974,  table  2 ) . 
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Figure  4  •  — Comparison  on  moist,  mineral-matter-free 
basis  of  heat  values  and  proximate  analyses 
of  coal  of  different  ranks. 
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The  ASTM  classification  system  differentiates  coals  into  classes  and 
groups  on  the  basis  of  mineral-matter-free  fixed  carbon  or  volatile 
matter  and  the  heating  value  supplemented  by  determination  of  agglomerating 
(caking)  characteristics.   As  pointed  out  by  the  ASTM  (1974,  p.  55),  a 
standard  rank  determination  cannot  be  made  unless  the  samples  were  obtained 
in  accordance  with  standardized  sampling  procedures  (Snyder,  1950;  Schopf, 
1960).   However,  nonstandard  samples  may  be  used  for  comparative  purposes 
through  determinations  designated  as  "apparent  rank." 
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COAL  RESOURCES 

There  at  at  least  ten  different  coal-bearing  horizons  exposed  in 
the  Red  Rim  study  area.   These  have  been  given  letter  designations  by 
Rocky  Mountain  Energy  Company;  A  being  the  coal  zone  highest  in  the 
stratigraphic  section  and  H  the  lowest.   Of  the  ten  coal-bearing  horizons 
in  the  section,  four  (F  ,  F  ,  D  ,  and  B)  appear  to  contain  coal  of 
sufficient  thickness  and  continuity  to  be  of  interest.   The  stratigraphic 
relationships  of  the  coal  encountered  in  the  core  holes  at  the  Red  Rim 
study  area  are  shown  in  figure  5  . 

Rocky  Mountain  Energy  Company  has  extensively  sampled  the  coal  in 
the  odd  numbered  sections  immediately  west  of  the  sections  included  in 
the  study  site  and  have  kindly  consented  to  their  data  being  used  to 
summarize  coal  quality  in  the  area.   Averages  of  the  proximate  sulfur 
and  Btu  analyses,  on  an  as-received  basis,  for  each  significant  bed  and 
a  summary  average  for  all  samples  from  the  area  are  shown  in  table  3 . 
For  comparison,  analyses  of  samples  collected  from  core,  Red  Rim  study 
area,  are  summarized  in  table  4 .   Samples  are  described  and  the  data 
listed  in  Appendix  B,  tables  Bl  and  B2 . 
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Figure  5  .  Strati  graph  ir  relation  of  drill  holes 
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Table  3  . — Summary  of  proximate,  sulfur,  and  Btu  analyses  of  coal  samples 
collected  by  Rocky  Mountain  Energy  Company,  Red  Rim  area,  Carbon 


and  Sweetwater  Counties 

3  Wyo . 

[All  values 

axcept  Btu  are  : 

Ln  percent 
basis 

and  are 

] 

reported 

on  an  as-received 

Bed  number 

Moisture 

Volatile 
matter 

Fixed 
carbon 

Ash 

Sulfur      BtL 

B 
(2  samples) 

23.2 

29.0 

34.1 

13.7 

0.39      79K 

Dl 
(4  samples) 

26.0 

29.4 

38.5 

6.0 

.43      855C, 

(6  samples) 

F2 
(4  samples) 

G 
(1  sample) 

Average   for 

all  beds 
(17  samples) 


23.8 


25.1 


27.3 


'A. 7 


28.6 


29.1 


27.6 


28.9 


33.6  13.9 


36.9  8.9 


38.8 


6.3 


35.9  10.4 


.57 


784: 


27  823-: 


25  7851 

40  811i 
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Table  4. — Summary  of  proximate,  sulfur,  and  Btu  analyses  of  coal  samples 
ollected  from  core,  Red  Rim  study  area,  Carbon  and  Sweetwater  Counties,  Wyo , 

[All  values  except  Btu  are  in  percent  and  are  reported  on  an  as-received 
basis.   Weighted  averages  of  the  following  sets  of  samples  were  used  to 
calculate  the  averages  listed:   D178452,  D178453,  D178454,  and  D178455; 
D178456,  D178457,  D178458,  and  D178459;  D178460,  D178401,  D178462,  and 
D178463;  D178464,  and  D178465:  and  D178470,  and  D178471] 


Volatile    Fixed 
Bed  number     Moisture     matter     carbon     Ash    Sulfur      Btu 


D! 
(1  sample) 


26.1 


23.8 


32.7      17.4     0.6 


7220 


E  zone 
(3  samples) 


23.0 


27.1 


34.9     14.8     1.2 


7610 


(1  sample) 

F2 
(3  samples) 

G 
(3  samples) 

H 

(1  sample) 


23.2 


24.3 


24.9 


29.7 


26.4 


28.1 


22.9 


21.6 


36.7     13.7 


.9 


38.1 


9.5 


26.5     25.6     1.0 


30.7     18.0 


7860 


8131 


5813 


6480 


Average  for 

all  beds 
(12  samples) 


24.6 


25.5 


33.2     16.6 


7190 
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Ranges  of  analyses  on  an  ash-received  basis  are: 

Rocky  Mountain  Energy  Co.         Red  Rim  Study  Area 
Moisture  21.5  -  29.5%        17.8  -  30.0% 

Volatile  Matter  27.5  -  31.3%  18.1  -  34.0% 
Fixed  Carbon  31.2-39.8%  9.3  -  40.3% 
Ash  5.6  -  19.4%         6.1  -  51.6% 

Sulfur  0.11-  0.77%        0.3  -   1.7% 

Btu  7320  -  8860         2370  -  8750 

The  above  analyses  indicate  that  when  calculated  to  a  moist,  mineral- 
matter-free  basis,  the  coal  is  ranked  as  Subbituminous  C  under  ASTM 
Designation  D388-66.   Ranges  of  analyses  for  the  Red  Rim  study  are  much 
greater  than  those  obtained  by  Rocky  Mountain  Energy  Company,  probably 
because  Rocky  Mountain  Energy  was  more  selective  in  their  sampling. 
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Estimation  and  classification  of  coal  resources 
Coal  resource  estimates  have  been  prepared  for  the  Red  Rim 
reclamation  study  area  using  standard  procedures,  definitions,  and 
criteria  of  the  U.S.  Geological  Survey  and  U.S.  Bureau  of  Mines 
established  for  making  coal  resource  appraisals  in  the  United  States. 
The  term  "coal  resources"  as  used  in  this  report  means  the  estimated 
quantity  of  coal  in  the  ground  in  such  form  that  economic  extraction  is 
currently  or  potentially  feasible. 

Resources  categorized  by  degree  of  geologic  assurance 

Demonstrated  coal  resources  are  the  sum  of  the  coal  in  both  measured  and 
indicated  resource  categories. 

Measured  resources  are  coal  for  which  estimates  of  the  rank,  quality, 
and  quantity  have  been  computed,  within  a  margin  of  error  of  less 
than  20  percent,  from  sample  analyses  and  measurements  from 
closely  spaced  and  geologically  well-known  sample  sites. 
Indicated  resources  are  coal  for  which  estimates  of  the  rank, 

quality,  and  quantity  have  been  computed  partly  from  sample 
analyses  and  measurements  and  partly  from  reasonable  geologic 
projections. 
Because  of  the  lack  of  definitive  sample  analyses  of  the  coal  in  the  EMRIA 
study  site  itself,  the  estimated  resources  of  the  Red  Rim  area  are  classed 
as  demonstrated  or  inferred  resources.   All  of  the  estimated  demonstrated 
resources  of  the  area  are  within  3/4  mile  of  points  of  observation. 
The  inferred  resources  are  within  2  miles  of  points  of  observation. 
The  part  of  the  estimated  resources  that  are  more  than  5  feet  thick 
and  are  at  depth  of  100  feet  or  less  fall  into  a  category  called 
reserve  base,  which  is  defined  as  that  portion  of  the  identified 
coal  resource  from  which  reserves  are  calculated.   Reserves  are  that 

37 


portion  of  the  identified  coal  resource  that  can  be  economically  mined 
at  the  time  of  determination.   The  reserve  is  derived  by  applying  a 
recovery  factor  to  that  component  of  the  identified  coal  resource 
designated  as  the  reserve  base.   On  a  National  basis,  the  estimated 
recovery  factor  for  the  total  reserve  base  is  50  percent.   More  precise 
recovery  factors  can  be  computed  by  determining  the  total  coal  in  place 
and  the  total  coal  recoverable  in  any  specific  locale. 
Characteristics  used  in  resource  evaluation 

The  coal  characteristics  that  are  commonly  used  in  classifying  coal 
resources  are  the  rank,  grade,  and  weight  of  the  coal,  the  thickness  of 
the  coal  beds,  and  the  thickness  of  the  overburden.   Rank  and  grade  have 
been  discussed  previously. 

The  weight  of  coal  ranges  considerably  with  differences  in  rank  and 
ash  content.   In  areas  such  as  the  Red  Rim  area,  where  specific  gravities 
of  the  coals  have  not  been  determined,  an  average  specific  gravity  value 
based  on  many  determinations  in  other  areas  is  used  to  express  the  weight 
of  the  coal  for  resource  calculations.   The  average  weight  of  subbituminouj 
coak  is  taken  as  1,770  short  tons  per  acre-foot — a  specific  gravity  of 
1.30. 

Because  of  the  important  relation  of  coal-bed  thickness  to  utilization 
potential,  most  coal  resource  estimates  prepared  by  the  U.S.  Geological 
Survey  are  tabulated  according  to  three  thickness  categories.   For 
subbituminous  coal  the  categories  are  thin— 2.5  to  5  feet  (0.75  to  1.5  m); 
intermediate— 5  to  10  feet  (1.5  to  3  m);  and  thick— more  than  10  feet 
(3  m). 

In  this  report,  coal  resources  estimated  for  the  Red  Rim 
area  are  those  resources  overlain  by  200  feet  (60  m)  or  less  of  overburden 
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Tables  5,6,  and  7  present  the  estimated  demonstrated  and  inferred 
coal  resources  in  the  F  ,  F  ,  D  ,  and  B  coal  beds  in  the  Red  Rim 
recalmation  study  area  by  section,  bed  thickness  category,  and 
overburden  thickness  category.   The  estimated  resources  (demonstrated 
plus  inferred)  are  summarized  by  bed  and  overburden  thickness  category 
in  table  8. 
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Table  8. — Summary  of  estimated  coal  resources  of  the  Red  Rim  reclamation 
study  area,  by  bed  and  overburden  thickness 

[In  thousands  of  short  tons] 


Overburden 

thickness 

(ft) 

Bed 

F2 

Bed  F 

Bed  D 

Bed  B 

Total 

0-100 

7,870 

6,690 

1,800 

2,150 

18,510 

100-200 

8,180 

8,810 

2,290 

1,930 

21,210 

0-200 

16,050 

15,500 

4,090 

4,080 

39,720 
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INTERPRETATIONS  FOR  SOIL  AND  BEDROCK  MATERIAL 
AS  A  POTENTIAL  SOURCE  FOR  REVEGETATION 

Major  Soil  Bodies 

Four  major  geomorphic  bodies  of  soils,  in  terms  of  landform  are 
recognized  in  the  Red  Rim  study  area.  They  are  soils  on  (1)  alluvial 
soils  on  nearly  level  to  gently  sloping  floodplains  and  adjacent 
alluvial  fans,  (2)  gently  sloping  to  strongly  sloping  upland 
hillsides,  the  landscape  is  made  up  of  rolling  uplands  that  are 
dissected  by  numerous  drainageways,  (3)  moderately  sloping  to  steep 
hillsides  and  smooth,  moderately  sloping  ridges  with  isolated  areas 
of  sandstone  outcrop,  and  (4)  moderately  sloping  to  very   steep, 
severely  eroded  ridges  and  hillsides.  The  primary  difference 
between  (3)  and  (4)  is  that  (3)  is  primarily  a  complex  landscape 
of  very   shallow  to  deep,  very   coarse  textured  soils  which  are 
basically  noncalcareous,  and  (4)  is  a  complex  landscape  of  shallow 
soils  and  exposed  sandstone,  siltstone,  and  sandy  shale  bedrock. 

The  following  is  a  description  of  the  soils  which  occur  on  the  four 
landforms  in  the  Red  Rim  study  site:  (Note:  Reference  is  made  at 
random  to  the  soils  on  each  landform  by  the  number  in  parentheses). 

(1)  The  alluvial  floodplain  and  fan  soils  are  primarily  along 
Separation  Creek  and  represent,  10  percent  of  the  study  area,  a 
minor  portion  of  the  total  acreage  of  the  site.  These  soils  are 
formed  on  alluvium  of  mixed  origin.  They  are  deep,  wel 1 -drained, 
light  colored  soils  of  medium  texture.  Their  available  water 
holding  capacity  is  medium  and  permeability  is  moderate  to 
moderately  slow. 

Depth  to  consolidated  material  is  assumed  to  be  greater  than  20  feet 
because  of  the  thick  alluvial  deposits.  Depth  to  unconsolidated 
material  on  the  upper  edges  of  alluvial  fans  is  about  5  feet  and 
deepens  considerably  towards  the  creek.  Electrical  conductivity  of 
the  saturation  extract  ranges  from  4  to  8  mmhos/cm3  and  exchangeable 
sodium  is  generally  less  than  10  percent.  The  pH  values  range  from 
7.6  -  8.5.  There  are,  however,  two  small  areas  in  section  8  adjacent 
to  the  creek  which  are  adversely  affected  by  both  salinity  and  sodium. 
Generally,  soils  of  this  landform  have  a  fair  suitability  for 
revegetation  purposes. 

(2)  Soils  which  occur  on  this  landform  include  moderately  deep  and 
deep  soils  formed  in  residuum  from  the  weathering  of  calcareous 
sedimentary  rocks.  They  occupy  about  40  percent  of  the  study  area. 
The  parent  rock  of  these  soils  is  variable,  the  major  types  being  soft 
unconsolidated  sandstone  and  sandy  shale. 

These  soils  are  well -drained  and  their  colors  include  browns,  grayish 
browns,  and  yellowish  browns.  Normally,  the  upper  10  to  20  inches  of 
soil  material  has  developed  structurally  and  the  lower  depths  are 
completely  lacking  in  aggregation  of  soil  particles. 
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The  soil  permeability  is  moderate  with  the  exception  of  a  small 
acreage  which  is  slow.  Available  water  capacity  ranges  from  moderate 
to  high.  Sandy  loam  topsoils  (the  A  horizon)  sandy  clay  loam  subsoils, 
and  sandy  loam  substratums  are  dominant.  However,  subsoils  of  sandy 
loam,  clay  loam,  and  loam  are  included.  Depth  to  carbonates  in  those 
soils  which  exhibit  solum  development  range  from  8  to  more  than  20 
inches.  These  compromise  about  65  percent  of  this  particular  land 
form.  The  remaining  35  percent  are  calcareous  to  the  surface.  As 
a  general  rule,  the  degree  of  alkalinity  is  mild  or  moderate  (pH  from 
7.4  -  8.5).  Generally,  the  exchangeable  sodium  percentage  is  insig- 
nificant with  a  slight  increase  with  depth.  Salinity  levels  are 
fairly  low.  For  the  most  part,  the  soils  of  this  landform  are  well 
suited  for  use  as  a  planting  media. 

(3)  This  landform  includes  very  shallow  soils  (20  inch  to  sandstone) 
which  are  forming  in  residuum  weathered  from  noncalcareous  hard 
sandstone  and  deep  (more  than  60  inches  to  sandstone)  wind  deposited 
soils  that  occur  on  stabilized  dunes.  30  percent  of  the  study  area 
consists  of  this  soil  group.  Characteristics  which  are  common  to 
both  soils  are  fine  sand  or  loamy  sand  textures  that  have  low  water 
holding  capacities  and  very  rapid  infiltration  rates.  Structure  is 
single  grained,  organic  matter  content  is  low  and  brown  colors  (pale 
brown,  yellowish  brown,  and  light  yellowish  brown)  are  common. 

These  soils  are  generally  neutral  with  pH  ranging  from  6.8  to  7.4. 
The  shallow  soils  are  generally  noncalcareous  throughout  the  profile. 
The  deeper  soils  are  noncalcareous  in  the  upper  30  to  40  inches  and 
slightly  calcareous  below  those  depths.  These  soils  generally  are 
poorly  suited  for  strip  mine  reclamation  purposes. 

(4)  Soils  occurring  on  this  landform,  which  covers  20  percent  of  the 
study  area,  are  formed  in  residuum  weathered  from  calcareous  sedimentary 
rock,  primarily  soft  unconsolidated  sandstone,  hard  fine-grained 
sandstone,  and  sandy  shales.  The  depth  to  bedrock  normally  ranges  from 
14  to  20  inches.  They  are  well -drained  and  the  water  holding  capacity 
for  the  profile  is  moderately  low.  The  in-pla:e  permeability  is 
moderately  slow.  Moderate  grades  of  structure  predominate  in  the 
upper  4  inches  of  these  soils  and  the  subsoil  and  substratum  are 
normally  structureless.  Color  of  the  surface  layer  is  brown  or  pale 
brown,  the  subsoil  is  pale  brown,  light  yellowish  brown,  or  brown  and 
the  substratum  is  yellowish  brown  or  pale  brown.  About  80  percent  of 
this  area  is  represented  by  soils  which  are  calcareous  throughout, 
while  the  remainder  is  normally  leached  of  carbonates  to  a  depth  of 

6  to  10  inches  and  these  soils  occur  on  smooth  remnant  slopes. 

Generally,  soils  occurring  on  this  landform  are  poorly  suited  for 
strip  mine  reclamation  purposes.  The  steep  slopes  and  rock  outcrops 
of  these  lands  are  unsuitable  as  a  source  of  material  for  surfacing 
the  shaped  spoils. 
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Overburden  Characteristics 

Land  Suitability 

A  detailed  land  suitability  survey  was  made  of  the  study  area  land. 
Its  purpose  was  to  characterize  and  evaluate  the  surface  and  upDer 
material  (5  feet)  in  relation  to  its  suitability  as  a  source  of 
planting  media  for  resurfacing  shaped  spoils  following  surface 
mining.  This  survey  provides  data  on  the  quality  and  quantity  of 
surface  material  in  relation  to  revegetation  and  the  core  of 
stripping.  Basis  data  on  the  present  physical  and  chemical  properties 
of  the  soils  (upper  5  feet)  are  also  provided  by  the  survey. 

Land  classification  specifications  to  establish  ranges  of  land 
suitability  as  a  source  of  planting  media  were  developed  specifically 
for  the  study.  Factors  included  in  the  specifications  for  quality 
consideration  were:  texture,  salinity,  sodicity,  permeability, 
available  water  holding  capacity,  and  erodability.  Quantity 
considerations  were  primarily  the  depth  of  suitable  material. 
Excessive  slope  and  bedrock  outcrops  were  factors  considered  in 
relation  to  stripping  and  stockpiling  of  material.  The  specifications 
for  the  Red  Rim  study  are  given  in  Table  9  page  J30_. 

Four  land  classes  (1,  2,  3,  and  6)  were  developed.  These  correspond 
to  classes  used  in  the  Bureau  of  Reclamation  land  classification 
system.  Class  1  lands  are  the  most  desirable  as  a  source  of  topsoil 
for  surfacing  shaped  spoils.  They  will  supply  a  large  quantity  of 
highly  suitable  material  which  is  easily  stripped  and  stockpiled 
for  postmining  use  on  the  lands  they  occupy  and  possible  for  adjacent 
areas  where  sufficient  material  is  not  adequate.  Class  2  lands  have 
adequate  resurfacing  material,  but  it  may  require  good  placement 
practices  to  meet  the  requirements  and  be  less  desirable  in  quality 
or  difficult  to  strip  and  stockpile.  Class  3  lands  are  similar  to 
Class  2  except  the  deficiencies  are  greater,  or  there  is  a  combination 
of  deficiencies.  Lands  in  this  class  are  marginal  as  a  source  of 
material,  but  with  good  procedures  for  stripping  and  stockpiling  will 
meet  the  requirements.  Class  6  lands  generally  do  not  have  adequate 
or  suitable  material  for  topsoil  use  or  if  available,  cannot  be 
stripped  and  stockpiled.  If  Class  6  lands  are  disturbed  by  surface 
mining,  it  will  be  necessary  to  borrow  or  improve  the  available 
material  if  revegetation  is  successful.  A  summation  map  showing 
location  and  percent  of  classification  in  area  is  shown' on  page  53. 

Field  mapping  was  done  on  aerial  photographs  with  a  scale  of  1  inch 
equals  1,000  feet.  Representative  soil  sites  were  selected  and  the 
profiles  examined  and  evaluated.  This  information  was  supplemented 
by  nonrecorded  profile  examinations  as  required.  The  soil  profiles 
were  exposed  or  drilled  out  with  a  hand  auger.  Soil  structure, 
consistence,  texture,  color,  root  distribution  and  other  features  of 
the  profile  were  observed  on  the  representative  sites  recorded. 
Salinity  and  sodicity  were  based  primarily  on  laboratory  data.  Soil 
samples  for  laboratory  analyses  were  collected  from  representative 
profiles. 
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Many  of  the  observable  characteristics  such  as  texture,  structure, 
consistency  sodicity,  etc.,  were  directed  at  estimating  soil-moisture 
relationships  of  the  material.  A  tentative  land  suitability  class 
was  established  by  using  these  basic  soil  evaluations  combined  with 
observations  of  other  land  features  such  as  stones,  exposed  indurated 
bedrock,  and  slope.  The  final  land  class  was  not  determined  until 
the  laboratory  data  was  available. 

Results  of  the  land  classification  show  that  approximately  two-thirds 
of  the  study  area  has  adequate  material  for  postmining  reclamation 
purpose.  Deficiencies  observed  by  the  survey  were  shallow  depths  of 
weathered  material  over  consolidated  or  unconsolidated  shale  and 
sandstone,  salinity,  coarse  textures,  steep  slopes,  and  bedrock 
outcrops  which  hinder  stripping.  Table  ]0_  shows  the  acreages  of  the 
land  subclasses  delineated  by  the  survey  and  page  53  shows  the 
location  and  distribution  of  land  classes.  Individual  land 
classification  sheets  are  shown  as  figures  C_[_  through  C5  in 
appendix  C. 

The  land  classification  survey  provides  adequate  data  for  developing 
lease  stipulations  and  the  reclamation  portion  of  the  required 
mining  plan.  It  does  not,  however,  provide  adequate  detail  for 
stripping  and  stockpiling  operations  immediately  prior  to  the  surface 
mining.  Procedures  similar  to  those  used  in  the  land  classification 
can  be  used  when  additional  field  barings  and  observations  supported 
by  laboratory  data  are  obtained  to  more  accurately  determine  the 
quantity,  location,  and  quality  of  the  available  material.  Following 
is  a  description  of  the  major  land  classes  in  the  land  suitability 
survey. 

Class  1  -  Lands  in  this  class  have  an  average  minimum  depth  of 
36  inches  of  good  quality  overburden  that  is  suitable  for  plant  media. 
These  soils  have  formed  generally  on  residual  or  colluvial  material. 
The  most  common  textures  are  fine  sandy  loam,  sandy  clay  loam,  and 
clay  loam.  Aggregate  stability  is  weak  to  moderately  strong  and 
water  enters  the  profiles  readily.  Internal  drainage  is  moderate  and 
adequate  moisture  is  stored  for  plant  use. 

These  soils  are  nonsaline  and  nonsodic.  Generally  these  soils  are  . 
noncalcareous  or  slightly  calcareous  in  the  upper  12  inches  of  the 
soil  profile.  Some  moderately  calcareous  layers  occur  below  12  inches 

Land  Features  -  The  topography  includes  gently  and  moderately  sloping 
upland  fans,  toe  slopes  and  valley  wash  of  local  origin.  These 
topographic  features  will  not  hinder  stripping  and  stockpiling  of 
overburden  materials. 

Class  2s  -  Land  in  this  class  includes:  (1)  soils  which  have  about 
18  inches  of  good  quality  material  underlain  by  unconsolidated 
sandstones  and  sandy  shales  which,  by  present  indications,  would 
weather  quite  readily,  (2)  soils  which  have  more  than  60  inches  of 
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fairly  suitable  plant  media  material  which  are  moderately  affected 
by  salinity  (electrical  conductivity  of  the  saturation  extract  ranges 
from  4  to  8  mmhos/cm3).  Class  2s  lands  have  textures  which  are 
moderately  coarse  or  medium  textured. 

Stability  of  soil  aggregates  is  fair,  and  water  movement  in  the  soil 
is  moderate,  but  adequate  to  ensure  aeration  of  the  primary  plant 
root  zone.  Adequate  moisture  can  be  retained  for  plant  use. 

Land  Features  -  Two  primary  physiographic  land  forms  contain 

Class  2s  lands.  These  are  (1)  the  alluvial-colluvial  fans  adjacent 

to  Separation  Creek,  and  (2)  lower  toe  slopes,  moderately  steep. 

Class  3s  -  Included  in  this  class  are  lands  which  are  generally 
shallow  to  bedrock.  They  have  from  6  to  18  inches  of  sandy  loam, 
loam,  sandy  clay  loam,  or  clay  loam  material  which  overlie  mixed 
sandy  shales  and  sandstones.  Particle  aggregation  is  poorly 
defined  and  in  many  cases,  completely  lacking.  The  water  holding 
capacity  is  low  due  to  coarse  texture  and  shallow  profile,  but  water 
enters  the  profiles  readily.  Internal  drainage  is  moderate  to 
somewhat  slow. 

These  soils  are  generally  nonsodic  and  nonsaline.  However,  while 
not  extensive,  the  electrical  conductivity  of  the  saturation  extract 
may  range  up  to  12  millimhos  per  cubic  centimeter.  Generally  soils 
in  this  class  are  moderately  calcareous. 

Land  Features  -  The  principle  physiographic  landforms  in  Class  3s  are 
the  rolling,  shallow  uplands  which  lie  between  the  more  significant 
drainages  and  the  high  ridgecrests  and  accompanying  short  side  slopes. 

Class  6s  -  An  insignificant  acreage  falls  into  this  land  class.  They 
are  located  along  the  south  edge  of  Section  8  adjacent  to  Separation 
Creek.  Soils  on  these  lands  are  not  suited  in  their  present  condition 
for  use  as  a  plant  growth  medium  because  of  a  high  degree  of  sodicity 
and  salinity.  Generally,  the  Class  6s  lands  have  an  ESP  exceeding 
20  and  ECxlO^  of  1:5  extract  of  more  than  12  mm/cc.  The  soil  texture 
is  moderately  coarse,  with  sandy  loams  being  dominant.  Because  of  the 
dispersed  condition  of  the  soil  aggregates,  very  little  water  is  able 
to  enter  the  profile. 

Land  Features  -  The  landform  on  which  these  soils  occur  are  nearly 
level  alluvial  fans  where  they  adjoin  Separation  Creek. 

Class  6st  -  Within  this  land  class,  are  those  lands  which  are:  (1) 
so  shallow  (less  than  6  inches  of  soil  material)  that  stripping 
operations  would  be  impractical  (2)  coarse  textured  which  severely 
limits  the  moisture  holding  capacity  and  which  Dresent  an  erosion 
(wind)  hazard  if  disturbed,  and  (3)  both  shallow  (6-18  inches  of 
strippable  soil  material)  and  occur  on  steeply  sloping  landforms 
(more  than  25  percent  slope).  Because  of  the  shallow  soil  depths 
and  steep  slopes,  these  lands  are  not  suited  for  use  as  a  source  of 
plant  growth  medium. 
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Table  ]0^  gives  the  acres  and  percentages  of  the  land  classes  for  the 
Red  Rim  study  area. 
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Table  10 

Land  Suitab 

ility  Summary 

Percent 

Section 

-  Towns 

hip  North 

-  Range 

West 

Total 
Acres 

of  Study 

Class 

18-19-90 

8-19-90 

4-19-90 

34-20-90 

28-20- 

-90 

Area 

1 

335.4 

60.4 

97.0 

151.1 

- 

643.9 

24.4 

2s 

79.8 

136.0 

155.2 

179.0 

64 

6 

614.6 

23.3 

3s 

70.4 

59.2 

121.9 

185.3 

79 

1 

515.9 

19.5 

6s 

- 

23.8 

- 

- 

- 

23.8 

0.9 

6st 

154.4 

251.2 

265.9 

124.6 

16 

3 

812.4 

30.8 

6std 

- 

29.4 

_ 

_ 

_ 

29.4 

1.1 

Totals 

640.0 

560.0 

640.0 

640.0 

160 

0 

2640. C 

100.0 
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PERCENT 
SECTION  -    TOWNSHIP  NORTH-  RANGE  WEST         TOTAL   OF  STUDY 


CLASS 

18-19-90  6 

-19-90 

4-19-90 

34-20-90 

28-20-90 

ACRES 

AREA 

1 

335.4 

60.4 

97.0 

151,  1 

- 

643.9 

24.4 

2s 

79.8 

136,0 

155.2 

179.0 

64.6 

614.6 

23.3 

3s 

70.4 

59.2 

121.9 

185.3 

79,1 

515.9 

19.5 

6s 

- 

23.8 

- 

- 

- 

23.8 

0,9 

6st 

154.4 

251,2 

265.9 

124,6 

16.3 

812.4 

30-8 

6std 

- 

29.4 

- 

- 

- 

29.4 

I.I 

TOTALS 

640.0 

560.0 

640.0 

640.0 

160.0 

2640.0 

SCALE:  I     =2000 
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Overburden  Evaluation 
(5  feet  to  bottom  coal  seam) 

A  systematic  evaluation  was  made  of  the  core  material,  on  the  basis 
of  the  applicable  parts  of  the  specifications  used  for  the  land 
classification  survey.  However,  different  suitability  classes  were 
used  on  the  core  evaluations.  The  suitability  class  is  equivalent 
to  the  Class  1  and  the  better  part  of  Class  2,  doubtful  to  the  lower 
part  of  Class  2  and  Class  3,  and  unsuitable  relates  to  Class  6. 
Those  materials  which  qualify  for  suitable  are  generally  well  suited 
for  use  as  a  planting  media  but  may  have  minor  deficiencies.  A 
doubtful  designation  indicates  a  usable  material  but  because  of 
identified  deficiencies  will  require  good  or  special  management  if 
used  for  surfacing  shaped  spoils.  The  quantity  may  also  be  limited. 

Unsuited  relates  to  materials  which  in  their  present  condition  would 
be  unproductive  if  used  on  the  surface.  With  special  management 
practices  such  as  leaching,  use  of  additives,  etc.,  some  of  these 
materials  could  be  altered  to  a  usable  condition.  The  type  and 
quantity  of  the  geologic  material  is  quite  diverse  and  projection 
of  the  chemical  and  physical  properties  important  to  its  use  as  a 
planting  media  cannot  be  accurately  projected  between  core  locations. 
Therefore,  the  quality  determination  applies  only  to  the  specific 
core  site.  The  ability  and  case  of  separating  and  stockpiling 
bedrock  material,  if  it  should  be  needed  as  a  planting  media,  was 
not  a  factor  in  the  evaluation.  The  core  material  was  processed  and 
analyzed  in  the  laboratory  and  greenhouse  using  the  same  procedures 
as  used  on  soil  samples.  Simulated  weathering  was  applied  to 
selected  samples  to  provide  some  indication  of  how  the  material  would 
break  down  when  exposed  to  the  weather.  The  evaluation  was  based  on 
these  studies  and  the  physical  appearance  of  the  cores. 

The  predominant  bedrock  materials  of  the  area  are  sandstone  and  shale, 
Some  of  these  rock  types  are  quite  thickly  bedded  while  others  are 
complexly  interbedded.  Siltstone  and  seams  of  coal  and  carbonaceous 
shale  occur  less  frequently.  The  major  deficiencies  of  the  core 
material  in  relation  to  use  as  a  planting  media  are  anticipated  fine 
and  coarse-textured  weathered  material,  salinity,  dense  unweatherable 
sandstones,  and  an  acid  problem  on  a  few  depths.  Because  of  the 
anticipated  fine-textured  and  slowly  permeable  material  resulting 
from  their  weathering,  the  shales  generally  fall  into  the  doubtful 
class. 

Most  of  the  harmful  concentrations  of  salinity  occur  in  the  shales. 
Coarse-texture  material  with  a  low  CEC  and  available  water  holding 
capacity  and  highly  permeable  could  result  from  the  weathered 
sandstone.  Also,  many  of  the  more  dense  sandstones  may  not  weather 
within  a  reasonable  time  into  suitable  material  for  a  planting  media. 
Generally  the  core  material  is  nonsodic  and  nonsaline  except  for  a 
limited  number  of  lenses  which  have  EC  X  103  per  centimeter  ranging 
between  4  and  6.  The  material  appeared  to  be  relatively  low  swelling. 
Except  for  a  30-foot  seam  which  is  acid,  the  bedrock  is  neutral  to 
alkaline  in  reaction. 
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Results  of  the  core  evaluations  are  presented  below  and  these  same 
evaluations  are  outlined  earlier  in  this  report  in  the  geologic  log 
presentation.  Two-inch  push  samples  or  hand  augered  samples  were 
taken  in  those  drill  holes  where  superficial  soil  deposits  or 
unconsolidated  material  occurred  from  0-10.0  feet. 


Dep_th  (feet) 

Material 

Evaluation 

Remarks 

Deep 

Hole 

No. 

RR-1 

0-7.7 

Soil 

Suitable 

7.7-10.5 

Soil 

- 

0%  Core  Recovery 
Coarse  Textured  - 

10.5-47.0 

Sandstone 

Doubtful 

47.0-81.0 

Sandstone 
Siltstone 

and 

Suitable 

81.0-87.8 

Coal 

Unsuitable 

87.8-90.3 

Shale 

Suitable 

Deep 

Hole 

No. 

RR-2 

0-2.7 

Soil 

Suitable 

2.7-5.0 

Sandstone 

Doubtful 

Salinity  (Lab  #29) 

5.0-18.9 

Sandstone 

No  Recovery 

18.9-22.0 

Siltstone 

Doubtful 

Salinity      -,, 
Coarse  Texture  — 

22.0-24.0 

Sandstone 

Doubtful 

24.0-37.0 

Shale 

Doubtful 

Sal inity 

37.0-44.0 

Coal 

Unsuitable 

44.0-66.0 

Shale,  Siltstoi 
and  Sandstone 

ie, 

Suitable 

66.0-67.0 

Coal 

Unsuitable 

67.0-72.0 

Shale 

Doubtful 

Salinity,  Fine 
Textured  V           r>. 

72.0-154.5 

Sandstone 

Doubtful 

Coarse  Textured  — 
Salinity 

154.5-168.0 

Coal 

Unsuitable 

168.0-168.9 

Shale 

Doubtful 

Salinity 

Most  of  the  material  from  72.0-154.5  feet  is  a  fine-grained  sandstone 
with  a  hardness  of  3-7, and  sample  RR-2-16,  which  was  representative  of 
this  material,  exhibited  no  breakdown  at  all  during  the  laboratory 
weathering  test.  These  and  similar  rock  types  would  be  evaluated  as 
doubtful  for  suitability  as  a  plant  growing  media. 

Deep  Hole  No.  RR-3 

No  core  samples  were  recovered  from  Deep  Hole  No.   RR-3  which  was 
used  as  a  ground-water  observation  hole. 


1/     Coarse  textured  indicated  low  CEC,  high  or  excessive  permeability, 
and  limited  available  water-holding  capacity. 

2/     Fine  textured  indicates  problems  with  restricted  infiltration  and 
internal   drainage  if  used  on  the  surface  for  reclamation  purposes. 
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Depth  (feet)    Material 


Evaluation 


Remarks 


Deep  Hole  No.  RR-4 


0-2.5 

2.5-19.0 

19.0-23.0 

23.0-29.0 

29.0-39.0 

39.0-48.5 

48.5-53.3 

53.0-74.0 

74.0-76.0 

76.0-77.0 

77.0-103.5 

103.5-115.0 

115.0-120.7 

120.7-125.3 

125.3-126.8 
126.8-129.5 
129.5-141.0 
141.0-142.0 
142.0-142.4 
142.4-158.3 


0-5.0 

5.0-8.0 

8.0-77.7 

77.7-90.7 

90.7-98.1 


Soil 

Sand 

Sandstone 

Sandstone 

Sandstone 

Shale 

Sandstone 

Shale 

Shale 

Coal 

Shale 

Shale 

Shale 

Shale 

Coal 

Shale 

Coal 

Shale 

Coal 

Shale 


Shale 

Shale  (sandstone) 

Sandstone 

Coal 

Shale 


Suitable 

Doubtful 

Doubtful 

Suitable 

Doubtful 

Doubtful 

Suitable 

Doubtful 

Unsuitable 

Unsuitable 

Doubtful 

Doubtful 

Doubtful 

Doubtful 

Unsuitable 

Doubtful 

Unsuitable 

Unsuitable 

Unsuitable 

Doubtful 


Deep  Hole  No.   RR-5 


Doubtful 

Suitable 

Suitable 

Unsuitable 

Doubtful 


Coarse  Textured 
Coarse  Textured  — 


1/ 
1/ 


1/ 


Coarse  Textured 
Fine  Textured  tl 

2/ 

Fine  Textured  — 

Acidity 

2/ 
Fine  Textured  «/ 

Fine  Textured  -J, 

Fine  Textured  —L, 

Fine  Textured,  — 

Salinity 

Salinity 

Acidity 


2/ 


Fine  Textured,  — 
Salinity 


Fine  Textured 


Fine  Textured 


2/ 


2/ 


While  the  materials  from  0  to  5.0  feet  appear  to  be  doubtful,  the 
sandstone  (massive)  rock  type  from  8.0-77.7  feet  appears  chemically 
suitable  with  neutral  pH  values,  low  salt,  low  exchangeable  sodium 
percentages,  and  adequate  cation  exchange  capacities.  However,  there 
will  be  some  problems  encountered  in  the  breaking  down  or  weathering 
of  this  massive  sandstone  (hardness  up  to  6)  especially  those  profiles 
that  are  highly  cemented,  to  the  consistency  needed  for  revegetation 
material . 


1/  Coarse  textured  indicates  low  CEC,  high  or  excessive  permeability, 
limited  available  water-holding  capacity. 

2/  Fine  textured  indicates  problems  with  restricted  infiltration  and 
internal  drainage  if  used  on  the  surface  for  reclamation  purposes. 
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Depth  (feet) 

Material 

Evaluation 

Remarks 

Deep 

Hole 

No. 

RR-6 

0.0-5.0 

Clay  and  S 

lit 

Doubtful 

Sal inity 

5.0-7.5 

Clay  and  S 

lit 

Unsuitable 

Ac  i  d  i  ty 

7.5-12.5 

Coal 

Unsuitable 

12.5-32.0 

Shale 

Unsuitable 

Sa 1 i n i ty ,  Acid i ty 

32.0-48.1 

Shale 

Doubtful 

Fine  Textured  2/ 
Coarse  Textured  — 

48.1-111 .5 

Sandstone 

Doubtful 

111.5-137.0 

Shale 

Suitable 

137.0-138.0 

Coal 

Unsuitable 

138.0-147.5 

Shale 

Suitable 

Deep 

Hole 

No. 

RR-7 

0-2.3 

Soil 

Suitable 

2.3-5.0 

Sand 

Doubtful 

Salinity,  High  SAR 

5.0-19.5 

Sand 

Suitable 

19.5-27.1 

Sand 

Suitable 

27.1-30.0 

Sand 

Doubtful 

Sal inity 

30.0-32.0 

Coal ,  Sand 

,  Si 

It 

Unsuitable 

Interbedded  with  coal 

32.0-35.6 

Shale 

Doubtful 

Salinity,  Acidity 

35.6-45.9 

Coal 

Unsuitable 

45.9-47.9 

Shale 

Doubtful 

Sal inity 

47.9-54.0 

Sandstone 

Suitable 

Coarse  Texture ,— 

54.0-76.0 

Sandstone 

Doubtful 

Dense 

76.0-80.0 

Sandstone 

Suitable 

In  Deep  Hole  No.  RR-7,  the  sandstone  material  from  47.9-80.0  feet 
appears  to  be  suitable  chemically  for  revegetation  media,  but  wherever 
high  cementation  occurs,  as  in  depths  73.0-76.0  feet,  breakdown  into 
suitable  revegetation  material  will  be  difficult  as  exhibited  in  the 
weathering  study  (sample  RR-7-18,  Results  of  Weathering  Tests). 

Deep  Hole  No.  RR-8 


0-13.0 

Clay 

13.0-21.0 

Clay 

21.0-37.6 

Clay 

37.6-48.0 

Sand 

48.0-59.0 

Sandstone 

59.0-114.6 

Sandstone 

114.6-117.4 

Claystone 

117.4-145.0 

Sandstone 

145.0-160.0 

Sandstone 

160.0-170.7 

Claystone 

170.7-190.5 

Claystone 

Suitable 

Fine  Texture,  — 

Doubtful 

Sal inity 

Suitable 

Coarse  Textured  y. 
Coarse  Textured  — 

Doubtful 

Doubtful 

Suitable 

2/ 
Fine  Textured  — 

Doubtful 

Suitable 

- 

0%  Core  Recovery 

Doubtful 

Fine  Textured  |/ 
Fine  Textured, -'Coal 

Unsuitable 

and  Coal 

The  depth  145.0-160.0  was  not  recovered  due  to  the  friability  of  the 
sandstone  and  was  not  outlined  on  the  geologic  log. 

]_/  Coarse  textured  indicates  low  CEC,  high  or  excessive  permeability, 
and  limited  available  water-holding  capacity. 

2/  Fine  textured  indicates  problems  with  restricted  infiltration  and 
internal  drinage  if  used  on  the  surface  for  reclamation  purposes. 
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Depth  (feet) 


Material 


Evaluation 


Remarks 


0-26.0 
26.0-28.0 
28.0-31 .5 
31  .5-35.0 
35.0-35.5 
35.0-37.5 

37.5-46.0 
46.0-53.7 
53.7-57.5 
57.5-65.8 
65.8-67.3 
67.3-72.7 
72.7-82.2 
82.2-85.7 
85.7-94.0 
94.0-105.0 

105.0-118.7 
118.7-120.9 
120.9-127.6 
127.6-128.1 
128.1-150.0 
150.0-180.2 


Deep  Hole  No.  RR-9 
Fine  Sand  and  Silt   Suitable 


Sandstone 

Shale 

Sand 

Sandstone 

Claystone 

Siltstone 

Shale 

Coal 

Shale 

Sandstone 

Shale 

Shale 

Coal 

Siltstone 

Shale 

Siltstone 

Coal 

Shale 

Coal 

Siltstone 

Sandstone 


Suitable 

Suitable 

Unsuitable 

Doubtful 

Doubtful 

Suitabl  e 

Suitable 

Unsuitable 

Suitabl  e 

Doubtful 

Suitable 

Doubtful 

Unsuitable 

Suitabl e 

Doubtful 

Doubtful 

Unsuitable 

Doubtful 

Unsuitable 

Doubtful 

Doubtful 


Coarse  Textured  j. 
Coarse  Textured  — 
Fine  Textured,!/ 
2- Inch  Coal    Seam 


Coarse  Textured  — 

2/ 
Fine  Textured  — 


II 

Fine  Textured ,  - 

Sal inity 

Coarse  Textured  - 

2/ 


1/ 


Fine  Textured 


Coarse  Textured 
Coarse  Textured  - 


1/ 
1/ 


Deep  Hole  No.  RR-10 


0-3.5 

3.5-18.3 

18.3-37.5 

37.5-39.0 

39.0-60.0 

60.0-63.0 

63.0-93.5 

93.5-110.0 

110.0-117.8 

117.8-133.9 

133.9-134.5 

134.5-143.5 

143.5-198.3 


Sand 

Sandstone 

Sandstone 

Shale 

Sandstone 

Shale 

Sandstone 

Shale 

Siltstone 

Sandstone 

Coal 

Shale 

Sandstone 


Suitable 

Suitable 

Doubtful 

Suitabl e 

Suitabl e 

Suitable 

Doubtful 

Suitable 

Suitabl e 

Unsuitable 

Doubtful 

Doubtful 


0°^  Core  Recovery 

2/ 
Fine  Textured  — 


Fine  Textured 


2/ 


Fine  Textured 
Coarse  Textured 


2/ 


1/ 


Sample  RR-10-9  (39.0-44.0  feet)  which  is  a  sandstone  (clayey  and  silty 
in  spots)  was  tested  physically  for  weathering  and  exhibited  breakdown. 
Sample  RR-10-37  (181.0-188.3  feet)  which  is  a  sandstone  (fine-grained) 
exhibited  no  breakdown  during  weathering  tests,  further  hindering  its 
suitability  for  revegetation  media. 


1/  Coarse  textured  indicates  low  CEC,  high  or  excessive  permeability, 
and  limited  available  water-holding  capacity. 

2/  Fine  textured  indicates  problems  with  restricted  infiltration  and 
internal  drainage  if  used  on  the  surface  for  reclamation  purposes. 
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The  weathering  tests  and  greenhouse  studies  are  presented  in  the 
appendix  of  this  report,  but  were  considered  in  the  above  evaluations 

Wherever  suitable  soils  exist  in  sufficient  quantities,  they  should 
be  stockpiled  and  utilized  as  top  priority  plant  growing  material. 
However,  if  additional  suitable  material  is  needed  on  the  Red  Rim 
area,  it  could  be  obtained  from  the  remaining  overburden. 

Toxic  Materials 

Elements  identified  which  may  be  toxic  in  high  concentrations  in 
the  overburden  materials  were  limited  to  sodium  and  chloride  and 
sulfate  salts.  Elements  are  not  of  the  magnitude  to  be  toxic. 
However,  more  detailed  studies  conducted  prior  to  mining  may  reveal 
specific  toxic  materials  or  others  unfavorable  for  plant  growth. 
If  this  occurs,  these  materials  must  be  properly  identified  and 
plans  made  to  dispose  of  them  so  that  planting  media  and  water 
supplies  are  not  contaminated. 
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Laboratory  Support 

Chemical  and  physical  characterizations  of  genetic  soil  profiles 
and  bedrock  materials  were  an  important  aspect  of  analyzing  the 
material  resources  of  the  Red  Rim  site.  Soil  samples  were  taken 
within  the  study  area.  The  soil  sampling  sites  are  correlated  with 
mapping  units  and  represent  typical  site  chemical  and  physical 
characteristics.  The  bedrock  material  was  obtained  from  drill 
borings  with  the  drill  cores  being  received  in  the  laboratory  at 
the  conclusion  of  the  field  program.  The  deep  boring  sites  were 
selected  on  a  geological  basis  and  the  drill  hole  sites  became 
the  master  sites  for  characterizing  the  bedrock  material. 

The  results  of  these  analyses  are  shown  in  table  _CJ_  in  the 
appendix. 

After  the  drill  cores  were  received  in  the  laboratory,  they  were 
separated  into  samples  for  bedrock  evaluation.  The  basis  of 
separation  included  geological  characteristics  and  visually 
observable  characteristics  (Tensing,  staining,  cementation,  etc.). 

Textural  composition  (fine,  medium,  coarse,  etc.)  was  also  a  factor. 
The  majority  of  the  samples  are  comprised  of  no  more  than  5  to  10 
feet  of  the  core.  A  screening  technique  was  used  in  laboratory 
characterizations.  Pages  C12t-'C15_  in  the  appendix  outlines  the 
screenable  soil  characterizing  program  followed.  The  following 
screening  tests  were  run  of  all  samples:  Electrical  conductivity 
in  mmhos/cm  and  pH  (1:5  soil  water  ratio  suspensions  and  CaCl2  .01M), 
settling  volume,  fragmented  hydraulic  conductivity,  cation-exhange- 
capacity,  total  sodium,  and  percent  moisture  at  15  bars.  Based  on 
the  results  of  the  screenable  testing  program  and  field  observations, 
additional  analyses  were  made  on  those  samples  which  appeared  to 
have  deficiencies.  These  included  Na,  Ca  +  Mg,  and  estimated  SAR 
of  the  1:5  extract,  electrical  conductivity  in  mmhos/cm,  Na,  Ca 
+  Mg,  and  SAR  of  the  saturation  extract,  saturation  percentage, 
and  ES.  The  procedures  used  are  outlined  briefly  in  annendix  C.  . 

In  addition  to  the  screenable  testing  program  greenhouse  pot  studies 
were  made  on  selected  samples  to  indicate  possible  toxic  or  other 
unfavorable  plant  growth  conditions.  Studies  are  continuing  on  the 
plant  tissue  and  soil  material  to  identify  growth  inhibiting  factors 
demonstrated  by  the  pot  studies.  With  the  procedures  used  in  the 
greenhouse  studies,  the  results  do  not  reflect  many  adverse  physical 
conditions  or  nitrogen  or  phosphorus  deficiencies.  Results  of  the 
pot  studies  are  shown  on  pages  C18--C36  in  appendix  C. 

Representative  core  sections  were  exposed  to  freeze-thaw  and  wetting 
and  drying  cycles  to  provide  an  indication  of  how  the  geologic 
material  would  break  down  if  exposed  to  the  weather.  Correlation 
of  these  results  with  actual  field  conditions  is  difficult  but 
they  do  provide  an  indication.  Results  of  these  studies  are  shown 
on  pages  C37  through  C44  in  appendix  C. 
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SOIL  INVENTORY 


How  This  Soil  Inventory  Was  Made 

Field  work  regarding  soils  investigations  began  in  August  1975,  with 
a  reconnaissance  of  the  entire  area.  The  classifiers  familiarized 
themselves  with  the  topography,  land  forms,  and  probable  complexity 
of  the  soils. 

Later  on,  the  soils  were  examined  and  compared  with  each  other  to 
determine  the  taxonomic  classification.  During  this  period,  close 
contact  was  kept  with  the  Wyoming  Soil  Conservation  Service  to  assure 
that  the  classification  and  nomenclature  for  the  study  area  were 
compatible  with  their  ongoing  mapping  in  that  same  vicinity.  Profile 
descriptions  that  were  written,  and  the  aforementioned  classification 
process  resulted  in  a  working  mapping  legend  for  the  soils  inventory. 
Modifications  were  made  to  the  mapping  legend  as  work  progressed  to 
make  it  more  closely  reflect  the  field  observations. 

Samples  for  laboratory  analysis  were  taken  of  representative  profiles 
of  all  major  soil  types  as  well  as  from  deep  boring  sites.  These 
laboratory  analyses  facilitated  confirming  or  modifying  the  mapping 
legend  as  well  as  ascertaining  the  chemical  and  physical  suitability 
of  the  materials  for  revegetation  purposes. 

Two  kinds  of  mapping  units  were  utilized  to  identify  the  soils.  These 
are  soil  types  and  soil  complexes.  Soil  complexes  were  deemed  necessary 
because  many  of  the  principal  soils  are  so  intricately  associated 
geographically  that  it  would  be  impractical  and  confusing  to  attempt 
to  delineate  each  separately,  particularly  with  the  scale  of  aerial 
photographs  used  in  the  soil  survey  work. 

Some  of  the  soils  are  identified  as  both  a  soil  type  (Rock  River  sandy 
loam,  3-12  percent)  and  as  a  component  of  a  soil  complex  (Rock  River  - 
Patent  fine  sandy  loam  complex).  Patent  soils  in  the  study  area  are 
described  as  a  toxonomic  unit,  Patent  loam,  3-20  percent  slope.  In  the 
discussion  of  the  complex,  the  characteristics  of  the  taxonomic  member 
are  given  only  if  they  vary  substantially  from  those  characteristics 
within  the  taxonomic  unit  description.  Classification  of  the  soil 
series  in  the  Red  Rim  study  area  is  given  in  Table  11  (Soil  Taxonomy  1975) 

The  standards  for  soil  inventory  were  essentially  consistent  with  those 
commonly  used  by  the  Soil  Conservation  Service  for  a  high  intensity  soil 
survey.  Due  to  the  complexity  of  the  soils  in  much  of  the  study  area, 
soil  complex  mapping  units  were  established,  necessitating  definitions 
of  the  taxonomic  units  as  if  they  had  been  mapped  separately,  in 
addition  to  a  description  of  the  proportional  pattern  that  they  make 
in  the  complex. 
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Description  of  the  Soils 

This  section  describes  the  soil  series  and  mapping  units  in  the 
inventory  area.  An  important  part  of  the  description  of  each  soil 
series  is  the  soil  profile,  that  is,  the  sequence  of  layers  from 
the  surface  downward  to  rock  or  other  underlying  material.  Each 
series  contains  two  descriptions  of  this  profile.  The  first  is 
brief  and  in  terms  familiar  to  the  layman.  The  second,  detailed, 
located  at  the  back  of  the  report,  and  in  technical  terms,  is  for 
scientists,  engineers  and  others  who  need  to  make  thorough  and  precise 
studies  of  soils.  Unless  it  is  otherwise  stated,  the  colors  given 
in  the  descriptions  are  those  of  a  dry  soil.  A  summation  map  showing 
location  and  percent  of  mapping  units  in  area  is  shown  on  Dage   73 
Detailed  soil  profile  descriptions  and  supporting  data  are  on  pages  C50 
through  C75  in  appendix  C.        Individual  soil  inventory  sheets 
are  shown  as  figures  C-6  through  C-10  in  the  same  appendix. 

Cushool  sandy  loam,  3  to  12  percent  slopes  (8080)  -This  soil  is 
moderately  deep,  well  drained,  and  occurs  on  narrow  ridge  slopes 
and  along  ephemeral  stream  channels  of  the  uplands.  The  dominant 
slopes  are  about  5  percent,  but  ranges  from  3  to  9  percent.  Other 
soils  which  are  included  in  this  mapping  unit  are  Del  phi  1 1  which 
occur  on  slope-wash  material  and  Worfman  which  occur  on  the  more 
level,  old  erosional  surfaces.  The  surface  is  brown  sandy  loam 
about  3  inches  thick  and  the  subsoil  is  from  15  to  21  inches  thick 
with  colors  ranging  from  yery   pale  brown  or  brown,  depending  on  the 
amount  of  fine  segregated  lime.  The  texture  of  the  subsoil  is  a 
sandy  clay  loam  while  the  substratum  is  a  calcareous  very  pale  brown 
to  yellowish  brown  sandy  loam.  This  layer  ranges  from  8  to  12  inches 
in  thickness.  In  some  profiles  examined,  the  substratum  or  calcareous 
sandy  loam  material  was  not  as  deep  as  that  described  above. 

Permeability  and  water  holding  are  both  moderate  and  the  rooting 
depth  ranges  from  22  to  30  inches.  Moderate  runoff  occurs  and  there 
exists  a  slight  erosion  hazard. 

The  range  of  characteristics  of  this  soil  includes  two  mapping  units 
separated  on  the  basis  of  slope,  one  unit  having  3  to  7  percent  slopes 
comprises  about  61.6  percent  of  this  soil  type,  while  the  7  to  12 
percent  unit  comprises  about  38.4  percent. 

Soil  Behavior 

This  soil  is  presently  used  for  production  of  native  forage  which  is 
fair.  No  serious  limitations  are  presented  in  using  this  soil  as 
plant  growth  medium  in  backfilling  strip  mined  lands.  Water  holding 
capacity  and  permeability  are  both  favorable  and  no  adverse  effects 
would  be  expected  regarding  the  chemical  characteristics  of  the  soil. 
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Havre  sandy  loam,  0  to  7  percent  slopes  (8060)  -  This  soil  is  very 
deep,  somewhat  poorly  drained  and  occurs  on  alluvial  fans  adjacent 
to  Separation  Creek.  The  slope  ranges  from  0  to  7  percent,  but 
4  percent  slopes  are  dominant.  Important  inclusions  are  soils  of  the 
Monte  series  which  differ  in  having  more  homogeneous  textures  throughout 
the  profile  depth  and  the  Debone  soils  which  have  a  natric  horizon  and 
a  developed  profile  of  soil  horizons.  The  Monte  soils  are  located  on 
higher  edges  of  fans  and  are  influenced  more  by  deposition  from  gravity 
(colluvial)  rather  than  from  water. 

The  surface  layer  of  Havre  is  normally  a  fine  sandy  loam  texture,  light 
brown  in  color  and  ranging  from  2  to  4  inches  in  thickness.  The  subsoil 
is  a  grayish  brown  stratified  layer  containing  lenses  of  silt  loam, 
very   fine  sandy  loam  and  sandy  loam.  It  ranges  in  depth  from  2  to  24 
inches.  Substratum  are  brown  silt  loams  and  loams,  and  extend  to 
84  inches  below  the  ground  surface.  Profiles  are  fairly  calcareous 
and  range  in  pH  from  7.6  in  the  surface  soils  to  8.6  in  the  subsoil. 
Electrical  conductivity  is  moderately  high  varying  from  4  to  16 
millimhos/centimeter. 


The  most  important  variation  from  those  described  above  is  that  the 
substratum  may  consist  of  loamy  sand  or  loamy  fine  sand  material. 

Permeability  and  water  holding  capacity  are  moderate,  depth  of  rooting 
is  moderately  deep,  surface  runoff  is  medium  to  rapid  and  the  erosion 
hazard  is  moderate. 

The  range  of  characteristics  of  this  soil  includes  two  mapping  units 
separated  on  the  basis  of  slope.  One  unit  having  0  to  3  percent 
slopes  comprises  about  39.0  percent  of  this  soil  type,  while  the 
4  to  7  percent  unit  comprises  about  61.0  percent. 

Soil  Behavior  -  This  soil  is  presently  used  for  grazing,  and  production 
of  native  forage  is  low.  The  inherent  salinity  in  this  soil  constitutes 
the  major  problem  in  its  use  as  backfill  material.  The  substratum  may 
also  be  unsuitable  on  the  basis  of  low  water  holding  capacity.  There 
may  be  opportunities  however,  for  mixing  with  other  soils  containing 
more  fines,  which  would  increase  the  water  holding  capacity  to  a  more 
favorable  state. 


Havre  sandy  loam,  0  to  3  percent  slope,  alkaline  (8100)  -This  mapping 
unit  differs  from  8060  (Havre  sandy  loam)  primarily  in  that  the  pH  is 
in  excess  of  8.8  and  ESP  is  greater  than  15  percent. 

Soil  Behavior  -  This  soil  is  presently  used  for  grazing,  and  production 
of  native  forage  is  very  low.  This  soil  presents  severe  limitations 
for  such  use  due  to  high  sodium  levels. 
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Rockland  (8160)  -  This  land  type  is  fairly  general  in  occurrence 
throughout  the  study  site.  Shale  rockland  represents  55  percent  of 
the  mapping  unit,  sandstone  rockland  30  percent, and  15  percent  of  the 
areas  are  shallow  soils  of  the  Skootch  and  Blazon  series.  Elevation 
ranges  from  6,800  to  7,200  feet  and  slopes  are  10  to  40  percent. 

Soil  Behavior  -  This  land  type  is  presently  used  only  as  wildlife 
habitat.  It  is  unsuitable  as  a  source  of  backfill  material  for  use 
in  reestablishing  vegetation  subsequent  to  strip  mine  operations. 

Rock  River  sandy  loam,  3  to  12  percent  slopes  (8070)  -  The  Rock  River 
soils  are  deep,  medium  to  moderately  coarse-textured  soils  which 
exhibit  good  subsurface  drainage.  This  mapping  unit  occurs  throughout 
the  Red  Rim  area  and  is  fairly  extensive.  The  parent  material  includes 
calcareous  residual  sandy  shales  and  sandstones.  They  occupy  both 
valley  fill  and  sloping  upland  positions  of  3  to  10  percent  slopes, 
5  to  7  percent  is  dominant,  however.  The  aspect  of  the  more  modal 
profiles  is  northeast.  Within  the  valleys  and  drainages  the  aspect 
is  quite  variable.  Elevations  are  7,000  to  7,200  feet.  Primary 
inclusions  and  their  position  or  occupied  landform  are  (1)  Cushool  - 
transistional  areas  between  ridge  slopes  and  valleys,  (2)  Patent  - 
valley  fill  and  sloping  upland  fans,  and  (3)  Ryark  -  valley  and 
uplands  in  close  proximity  to  the  basal  sandstone  member  of  the 
Ft.  Union  formation. 

Typically,  the  surface  layer  is  a  light  brownish  gray  sandy  loam, 
3  inches  thick.  The  subsoil  is  about  20  to  24  inches  thick,  yellowish 
brown,  with  textures  of  sandy  clay  loam.  The  substratum  is  a  light 
yellowish  brown  calcareous  sandy  loam  and  varies  from  18  to  30  inches 
in  thickness.  This  latter  horizon  contains  15  to  20  percent  lime 
coated  gravels.  Major  variations  from  those  described  above  are  clay 
loam  subsoils  and  thinner  substratums. 

The  Rock  River  soils  have  moderate  permeability,  and  water  holding 
capacity  is  medium.  Roots  are  found  to  a  depth  of  20  to  26  inches 
below  the  surface.  Surface  runoff  is  medium  and  the  erosion  hazard 
is  slight. 

Two  mapping  units  of  Rock  River  sandy  loam  are  recognized,  and  their 
separation  is  based  on  slope,  the  3  to  7  percent  unit  comprising 
46.9  percent  and  the  7  to  12  percent  unit  comprising  53.1  percent  of 
the  soil  type. 

Soil  Behavior  -  The  present  use  of  these  soils  is  for  the  production  of 
native  forage,  which  soils  are  good,  particularly  on  leeward  slopes  or 
where  the  soils  have  received  considerable  adjacent  runoff. 

This  is  one  of  the  deepest  soils  in  the  area  and  thus  represents  a 
quantity  source  of  backfill  material  for  use  as  a  plant  growth  medium. 
An  appreciable  difference  in  water  holding  capacity  exists  between  the 
solum  and  the  substratum  of  this  soil.  Therefore,  the  substratum, 
generally  24  inches  and  deeper,  might  be  considered  for  mixing  with 
adjacent  soil  material  having  a  higher  water  holding  capacity. 
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Rock  River-Patent  Complex,  3  to  20  percent  slopes  (8130)  -  This 
complex  is  about  35  percent  Rock  River  loam,  3  to  12  percent  slope, 
about  30  percent  Patent  loam,  3  to  20  percent  slope,  and  about 
20  percent  Cushool  sandy  loam,  7  to  12  percent  slope.  The  Patent 
and  Cushool  soils  have  profiles  described  as  representative  of  their 
respective  soil  types.  The  Rock  River  soils  differ  from  the  profile 
described  as  representing  Rock  River  sandy  loam,  in  having  surface 
layers  of  loam  and  subsoils  and  substratums  which  are  clay  loam 
rather  than  a  sandy  clay  loam  subsoil  and  a  sandy  loam  substratum. 
The  Rock  River  soils  which  are  primarily  clay  loam  in  the  subsoil 
section  have  a  higher  water  holding  capacity  than  those  soils 
identified  as  the  Rock  River  soils.  The  acreages  of  Rock  River 
having  clay  loam  textures  is  not  sufficient  to  identify  as  a  separate 
series  within  the  scope  of  this  study. 

The  Patent  soils  are  formed  on  recent  alluvium,  adjacent  to  the 
drainage  and  also  on  moderate  slopes  intermediate  in  position 
between  ridges  and  drainages.  The  Rock  River  soil  occupies  side 
slope  positions  and  the  Cushool  soils  are  found  on  convex  slopes 
below  the  ridges. 

Included  with  these  soils  in  mapping  are  areas  of  Del  phi  1 1  soils 
that  make  up  about  10  percent  of  the  acreage.  Also  included  are 
areas  of  Blazon  soils  that  make  up  about  5  percent  of  the  area. 

The  Rock  River  soils  are  similar  to  those  described  in  soil  mapping 
unit  8070. 

The  Patent  series  is  a  deep,  well-drained  soil.  It  occurs  in  the 
southwestern  part  of  the  study  area.  The  parent  material  is  local 
alluvium  or  slope  wash.  These  soils  are  found  on  gentle  to  moderate 
slopes,  ranging  from  3  to  12  percent.  Elevations  range  from  7,000 
to  7,200  feet. 

The  surface  layer  is  pale  brown,  fine  sandy  loam  about  2  inches  thick. 
The  subsoil  is  brown  clay  loam  about  20  inches  thick  and  is  moderately 
calcareous.  The  substratum  differs  from  the  subsoil  in  being  strongly 
calcareous.  The  major  variation  in  this  soil  type  is  that  some 
subsoils  and  substratums  are  coarse  textured,  but  still  within  the 
range  of  the  fine  loamy  family. 

Patent  soils  are  moderately  permeable  and  their  water  holding  capacity 
is  good.  Effective  depth  of  rooting  is  from  20  to  30  inches.  Surface 
runoff  is  slow  on  the  more  gentle  slopes  and  medium  on  the  steeper 
slopes.  The  erosion  hazard  is  generally  slight. 
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Although  this  soil  type  is  not  extensive  within  the  study  area,  it 
should  be  considered  as  a  major  source  of  backfill  material. 
Permeability  and  water  holding  capacity  are  both  good.  The  levels 
of  sodium  and  salinity  are  both  moderately  low  and  pose  no  serious 
problem  in  reestabl ishment  of  vegetation. 

Rock  River-Ryark  Complex,  3  to  20  percent  slopes  (8140)  -  This  complex 
is  about  40  percent  Rock  River  sandy  loam,  3  to  12  percent  slope, 
about  30  percent  Ryark  sandy  loam,  3  to  20  percent,  and  about  15 
percent  Skootch  sandy  loam,  12  to  20  percent.  These  soils  have  the 
profiles  described  as  representative  of  the  identified  soil  type 
for  each  of  these  soil  series.  This  complex  is  mapped  in  drainages 
which  are  influenced  by  materials  weathered  from  sandstone  members 
of  the  Ft.  Union  formation.  The  Rock  River  and  Ryark  soils  are 
intermingled  in  a  complex  pattern  on  gentle  to  moderate  side  slopes. 
The  Skootch  soils  occupy  the  uppermost  ridges  and  slopes. 

Included  with  these  soils  in  mapping  are  undefined  soils  similar  to 
Ryark  soils  in  texture  and  depth  to  bedrock,  but  differ  because  there 
has  been  no  solum  development.  These  make  up  10  percent  of  the 
mapping  unit.  An  undefined  soil  similar  to  Spool,  but  differing  in 
that  the  former  is  calcareous,  makes  up  about  5  percent.  The  Rock 
River  soils  are  similar  to  those  described  in  mapping  unit  8070. 

The  Ryark  series  is  deep  and  well  drained,  and  the  majority  of  the 
acreage  is  located  in  drainages  which  source  is  from  Red  Rim 
Sandstone  formations.  The  parent  material  is  both  Lance-Foxhills 
and  Mesa  Verde  sandstone.  The  aspect  is  generally  northwest  and 
slopes  are  from  5  to  12  percent  with  dominant  being  6  percent.  The 
elevation  ranges  from  7,000  to  7,200  feet. 

The  surface  layer  is  a  brown  sandy  loam  about  4  inches  thick.  The 
subsoil  is  a  yellowish  brown  sandy  loam,  ranging  from  24  to  36  inches 
in  thickness.  The  substratum  is  generally  a  pale  brown  calcareous 
sandy  loam  and  about  20  inches  thick. 

Permeability  is  moderately  rapid  and  the  water  holding  capacity  is 
fair.  Depth  of  rooting  is  about  24  inches.  Surface  runoff  is  slow 
and  erosion  hazard  is  slight. 

Soil  Behavior  -  This  soil  is  presently  used  for  production  of  native 
forage  which  is  fairly  good.  Under  the  present  plant  community,  the 
potential  for  erosion,  both  wind  and  water  is  slight.  Regarding  the 
manipulation  of  this  soil,  consideration  should  be  given  to  the  use 
of  soil  stabilizers  or  mulching  to  protect  the  soil  until  plant 
cover  can  be  restablished. 
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Skootch-Blazon  Complex,  7  to  30  percent  slopes  (8150)  -  This  complex 
is  about  35  percent  Skootch  sandy  loam,  7  to  20  percent  slope,  about 
25  percent  Blazon  loam,  7  to  30  percent  slope,  and  about  20  percent 
Rockland.  The  Skootch  and  Blazon  are   intermingled  within  the  mapped 
areas,  primarily  ridges  and  dissected  uplands.  A  minor  acreage 
occurs  on  steep  windward  slopes. 

Included  with  these  soils  in  mapping  are  areas  of  Del  phi  1 1  soils 
that  make  up  10  percent  of  the  acreage  and  unnamed  soils  similar  to 
Delphill,  but  differing  in  having  sandy  loam  control  sections.  This 
unnamed  soil  makes  up  10  percent  of  the  acreage.  Runoff  is  rapid 
and  erosion  hazard  is  severe. 

Two  mapping  units  of  this  soil  complex  are  recognized,  based  on 
slope  groups.  The  17  to  20  percent  unit  comprises  about  59.0  percent 
of  the  complex  acreage  and  the  12  to  40  percent  unit,  about  49.0  percent, 

The  Skootch  series  is  a  shallow,  well-drained  soil  which  normally 
occur  on  ridgecrests  and  spur  ridges  throughout  the  area.  Slopes  are 
gentle  to  steep  and  range  from  3  to  40  percent.  The  elevation  is 
from  6,900  to  7,200  feet.  These  soils  formed  in  residuum  weathered 
from  moderately  hard  sandstone  of  the  Ft.  Union  formation. 

The  surface  layer  of  a  representative  profile  is  pale  brown  sandy 
loam  about  2  inches  thick.  The  subsoil  is  pale  brown  sandy  loam 
about  15  inches  thick.  Underlying  the  subsoil  at  a  depth  of  18 
inches  is  a  soft  calcareous  sandstone.  Skootch  soils  are  generally 
calcareous  throughout. 

Skootch  soils  exhibit  restricted  permeability,  in  place,  because  of 
the  impervious  sandstones  which  underlie  these  soils.  The  soil  itself 
is  rapidly  permeable,  however,  and  water  holding  capacity  is  low. 
Effective  depth  of  rooting  ranges  from  14  to  18  inches.  Skootch 
soils  experience  medium  runoff  and  erosion  hazard  is  slight  to  moderate. 

Soil  Behavior  -  This  soil  type  is  presently  used  for  grazing,  and 
forage  production  is  poor.  Skootch  soils  are  too  shallow  and  lack 
adequate  water  holding  capacity  for  use  as  stated  above. 

The  Blazon  series  is  moderately  well-drained  and  are  shallow  to  bedrock. 
Their  occurrence  in  the  study  area  is  widespread,  but  occupy  gently 
sloping  to  steep  sloping  ridgecrests  and  spur  ridges.  These  soils 
formed  in  residuum  weathered  from  soft,  calcareous,  sodic  shales  and 
siltstones  of  the  Ft.  Union  formation.  Elevation  ranges  from  6,900 
to  7,200  feet  and  slopes  are  generally  from  6  to  40  percent. 

The  surface  layer  is  a  brown  loam  about  2  inches  thick.  The  subsoil 
is  brown  calcareous  clay  loam  about  4  to  6  inches  thick.  The 
substratum  is  pale  brown  calcareous  clay  loam  about  8  inches  thick 
and  underlain  by  soft  calcareous,  alkaline  shaly  siltstone.  The  major 
variation  from  those  described  are  in  texture  of  the  subsoil  and 
substratum  which  may  be  loams  or  sandy  clay  loams. 
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This  is  a  typical  profile  of  a  Skootch  sandy  loam  which 
normally  occurs  on  ridge  crests  and  spur  ridges  throughout 

the  study  area.  _.    ,. 

J  Photo  14 


Viewing  north  from  south  edge  of  section  18  shows  the 
deep  soils  of  the  Patent  fine  sandy  loams  which  occur 
in  the  valley  between  the  steep  breaks  in  the  south- 
western part  of  the  study  site. 

Photo  15 
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Blazon  soils  have  restricted  permeability  due  to  shallowness  to 
bedrock,  but  the  soil  itself  would  be  considered  to  be  moderately 
permeable.  Available  water  holding  capacity  is  moderately  low. 
Effective  root  depth  is  10  to  18  inches.  Surface  runoff  is  medium 
to  rapid  and  the  erosion  hazard  is  moderate  to  severe  (water)  and 
slight  (wind). 

Soil  Behavior  -  This  soil  type  is  presently  used  as  range,  and  the 
production  of  forage  is  poor.  In  relation  to  its  suitability  for 
use  as  backfill  material  in  reestabl ishment  of  vegetation  subsequent 
to  strip  mining  operations,  the  Blazon  soils  are  judged  as  unsuitable 
for  such  purpose.  The  low  water  holding  capacity  and  shallowness 
to  sodic  shale  are  both  serious  limitations. 


Spool -Cothran  Complex,  7  to  30  percent  slopes  (8120)  -  This  complex 
is  about  40  percent  Spool  loamy  sand,  10  to  30  percent  slope,  about 
30  percent  Cothran  loamy  sand,  7  to  20  percent  slope,  and  about 
15  percent  rock  outcrop.  They  occupy  uplands  from  7,000  to  7,200 
feet  elevation.  The  Spool  soil  is  on  sandstone  ridges,  concave 
sideslopes,  the  Cothran  soil  is  in  pockets  between  spur  ridges  and 
in  leeward  slope  drainages  which  source  from  sandstone  formations 
and  the  rock  outcrop  occurs  on  ridges  as  ledges  and  cliffs. 

Included  with  these  soils  in  mapping  are  areas  of  Ryark  soils  which 
make  up  about  10  percent  of  the  acreage  and  soils  similar  to  Spool 
make  up  5  percent.  The  latter  differ  from  Spool  in  having  calcareous 
profiles. 

The  Spool  series  consist  of  well-drained,  ^jery   shallow  soils  most  common 
to  high  sandstone  ridges  within  the  study  area.  These  soils  formed 
in  residuum  weathered  from  hard,  reddish  yellow-colored  sandstones, 
a  basal  member  of  the  Ft.  Union  formation.  Slopes  range  from  12  to 
40  percent  and  the  aspect  is  normally  northeast. 

The  surface  layer  is  pale  brown,  loamy  sand  and  normally  is  only 
about  1  inch  thick.  The  subsoil  is  pale  brown  loamy  sand,  2  to  3 
inches  thick.  The  substratum  is  yellowish  brown,  fine  sand  5  to  8 
inches  thick.  A  hard  non-calcareous  sandstone  is  encountered  above 
14  inches.  The  entire  profile  contains  no  free  lime. 

Permeability  is  restricted  because  of  the  hard  bedrock  underlying 
the  sandy  soil.  Permeability,  considering  only  the  soil  material 
is  rapid,  however,  and  water  holding  capacity  is  low.  The  rooting 
depth  is  4  to  14  inches.  Surface  runoff  is  medium  and  the  water 
erosion  hazard  is  slight  while  the  wind  erosion  hazard  is  considered 
high. 

Soil  Behavior  -  The  present  use  of  this  soil  type  is  for  grazing  with 
a  low  to  fair  production  of  forage.  This  soil  would  be  unsuitable 
for  use  as  backfill  material  in  reestabl ishment  of  vegetation  after 
strip  mining  operations  because  of  the  reasons  given  above. 
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The  Cothran  series  consists  of  well -drained,  very  deep  soils  located 
on  leeward  slopes  primarily  in  the  central  part  of  the  study  area. 
These  soils  formed  on  aeolian  deposited  sands  and  occur  as  dunes  or 
deep  deposits  on  gentle  to  moderately  steep  slopes.  Slope  gradient 
is  from  7  to  20  percent.  Elevation  ranges  from  6,800  to  7,200  feet. 

The  surface  layer  is  pale  brown  loamy  sand  which  is  about  2  inches 
thick.  The  subsoil  is  yellowish-brown  fine  sand  about  30  inches 
thick.  Substratum  is  brown  fine  sand  and  ranges  from  15  to  30  inches 
in  thickness.  The  entire  profile  contains  no  free  lime,  and  is 
neutral.  The  major  variation  from  those  described  is  in  texture  of 
the  subsoil  which  may  be  a  loamy  sand.  The  permeability  is  rapid 
and  the  available  water  capacity  is  low. 

Effective  rooting  depth  is  about  30  inches.  Surface  runoff  is  very 
slight  due  to  the  high  infiltration  rate  of  the  soil.  The  hazard 
of  water  erosion  is  slight.  The  hazard  of  wind  erosion  is  moderate 
to  severe  depending  on  physiographic  location. 

Soil  Behavior  -  Cothran  soils  are  presently  used  for  grazing,  the 
production  of  forage  being  fairly  good.  The  low  water  holding 
capacity  of  this  soil  type  poses  a  serious  problem.  The  possibility 
might  exist  of  incorporating  this  soil  with  surface  layers  and 
subsoils  of  the  Del  phi  1 1 ,  Cushool  or  Patent  soils.  The  resultant 
water  holding  capacity  would  be  substantially  greater  and  thus  may 
provide  a  suitable  plant  growth  medium. 

Worfman-Delphill  Complex,  3  to  20  percent  slopes  (8110)  -  This 
complex  is  about  40  percent  Worfman  sandy  loam,  3  to  12  percent 
slope,  about  30  percent  Del  phi  1 1  fine  sandy  loam,  7  to  20  percent 
slope,  and  about  15  percent  Cushool  soils.  Also  included  are  areas 
of  Blazon  soils  that  make  up  about  10  percent.  This  unit  is 
inextensive  within  the  study  area.  The  Worfman  soils  occupy  the 
gently  sloping  ridgecrests  and  Delphill  soils  occupy  the  more 
sloping  hillsides.  Cushool  soils  are  located  in  a  similar  physiographic 
position  to  that  of  the  Delphill  soils. 

The  Worfman  series  consists  of  shallow  and  well-drained  soils. 
Because  of  the  shallowness  of  this  soil,  its  in-place  permeability 
is  restricted.  Worfman  soils  are  widespread  in  the  study  area,  but 
normally  occur  on  gently  sloping  old  erosional  surfaces  in  the  uplands 
and  narrow  ridge  slopes.  This  soil  occupies  slopes  from  3  to  12 
percent.  The  most  common  are  from  4  to  7  percent  and  the  aspect  is 
variable.  Elevation  is  from  7,000  to  7,200  feet. 

Normally,  the  surface  layer  is  a  brown  sandy  loam,  3  inches  thick. 
The  subsoil  is  a  brown  sandy  loam  about  6  to  8  inches  in  thickness. 
The  substratum  is  a  light  brownish  gray  calcareous  sandy  clay  loam 
and  overlies  soft  calcareous  sandy  shale  which  is  encountered 
above  20  inches. 
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The  permeability,  in  place,  is  slow  and  runoff  is  medium.  Roots  are 
found  to  the  depth  of  bedrock.  Surface  runoff  is  medium  and  the  erosion 
hazard  is  slight. 

Soil  Behavior  -  Present  use  of  this  soil  within  the  study  area  is  for 
range,  with  forage  production  being  fair.  This  soil  is  shallow  and 
represents  a  relatively  meager  source  of  material  for  stockpiling 
and  return  to  the  surface  at  completion  of  mining  operations  and 
prior  to  reseeding.  Other  than  shallowness  of  this  soil,  limitations 
from  other  physical  and  chemical  characteristics  are  not  foreseen. 

The  Delphill  soils  consist  of  moderately  deep,  well-drained  profiles 
which  occur  throughout  the  study  area  on  gentle  to  moderately  steep 
convex  slopes,  which  range  from  6  to  20  percent.  These  soils  are 
forming  in  residuum  weathered  from  sandy  shales  and  siltstones. 
Elevations  range  from  7,000  to  7,200  feet. 

The  surface  layer  is  yellowish  brown  fine  sandy  loam  about  3  inches 
thick.  The  subsoil  is  yellowish  brown  loam  and  the  thickness  is 
from  6  to  12  inches.  Substratum  is  normally  brown  sandy  clay  loam, 
11  to  18  inches  thick.  Carbonates  have  normally  been  leached  from 
the  top  3  inches,  but  some  profiles  are  calcareous  throughout.  The 
most  important  variation  is  in  texture  of  the  substratum  which  may 
range  from  sandy  loam  to  light  clay  loam.  Available  water  capacity 
is  medium.  Depth  of  rooting  is  from  18  to  36  inches.  Surface 
runoff  is  medium  and  the  erosion  hazard  is  slight  on  slopes  up  to 
10  percent  and  moderate  on  slopes  from  10  to  20  percent. 

Soil  Behavior  -  Present  use  of  this  soil  type  within  the  study 
site  is  for  range,  with  production  being  fair  to  good.  This  soil 
in  a  disturbed  or  mixed  state  should  possess  sufficient  water 
holding  capacity  and  permeability  to  permit  reestabl ishment  of 
vegetation.  No  serious  limitations  are  known  that  relate  to  the 
chemical  characteristics  of  this  soil.  It  would  be  well  to  note 
that  the  deeper  Delphill  soils  occur  on  the  more  gentle  slopes  and 
a  greater  quantity  of  backfill  material  could  be  obtained  in 
these  areas. 


Uses  of  the  Soils  -  This  section  is  useful  to  those  who  need 
information  about  soils  used  as  structural  material  or  for  other 
uses.  Among  those  who  can  benefit  from  this  section  are  engineers, 
planners,  and  farmers. 
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MAPPING 

UNIT 

NUMBER     NAME 


8060  Havre  sandy  loam 

8070  Rock  River  sandy  loam 

8080  Cushool  sandy  loam 

8100  Haver  sandy  loom.alkaline 

8110  Worfman  -  Delphill   complex 

8  120  Spool  and  Cothran   loamy  sand 

8130  Rock  River-Patent  fine  sandy 
loam  complex 

8140        Rock  River- Ryark  complex 
8150        Skootch—  Blazon  complex 

8160  Rockland 


RANGE  PERCENT 

OF  TOTAL       OF  STUDY 

SLOPE        ACRES      AREA 


0-7% 

205.9 

7.8 

3  - 12% 

68.8 

2  6 

3-12% 

247.9 

9.3 

0-3% 

12.5 

0.5 

3-  20% 

187  1 

7,1 

7-30% 

314.1 

11,9 

3-20% 

325.4 

12.3 

3-20%     260  5  9.9 

7-30%      879.4        33.4 

138.4  5.2 


1000  0 

H  H  H 


SCALE:    I    =  2000 
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Vegetation,  Vegetation-Soil-Water  Relationships, 
Infiltration  and  Soil  Detachability 


Vegetation 

The  vegetation  as  mapped  on  plate  3  can  be  generally  classified  as 
northern  desert  shrub;  all  of  the  sub-types  have  various  mixtures 
of  shrubs,  grasses,  and  forbs.   The  most  extensive  and  variable 
vegetation  type  has  big  sagebrush  as  the  dominant  species.   In 
"blow  in"  (snow  accumulation)  sites,  the  type  sometimes  has  an 
understory  of  giant  wildrye  and  total  annual  vegetation  yields 
exceed  a  ton  per  acre  (site  1  in  table  12).   On  relatively  dry 
uplands,  annual  production  is  less  than  400  pounds  per  acre  in 
this  type. 

Mixed  grasses  and  shrubs  is  an  extensive  type  on  uplands  that  is 
characterized  by  relatively  low  productivity  (sites  2,  4,  and  10 
in  table  12).   Prominent  grasses  are  sandberg  bluegrass,  western 
wheatgrass,  and  bottlebrush  squirreltail.   Shrubs  present  include 
winterfat,  nuttall  saltbush,  and  big  sagebrush.   Average  carrying 
capacity  is  about  5.4  acres  per  animal  unit  month. 

Lowest  in  productivity  is  the  type  mapped  as  threadleaf  sedge  and 
mixed  shrubs  type.   This  relatively  barren  type  is  usually  found 
on  relatively  steep  slopes  with  stony  soils.   Drought-tolerant 
shrubs  such  as  nuttall  saltbush,  winterfat,  and  gray  horsebrush 
are  present.   An  estimated  26  acres  of  this  type  are  required  to 
support  one  animal  unit  for  one  month. 

A  mixed  greasewood-big  sagebrush  type  occurs  adjacent  to  stream 
channels.   Greasewood  size  and  abundance  decreases  with  distance 
from  channels,  probably  due  to  increasing  depth  to  ground  water. 
The  area  covered  by  this  type  has  a  livestock  production  potential 
far  greater  than  is  present  now.   It  is  probable  that  shrubs  have 
increased  and  grasses  decreased  due  to  past  livestock  use. 

The  present  flood  plain,  although  limited  in  area,  is  the  most 
productive  land  in  the  study  area.   Species  present  include  silver 
sagebrush,  willows,  slender  wheatgrass,  foxtail  barley,  meadow 
barley,  pidgeon  grass,  sedges,  and  rushes. 

Of  limited  extent  but  important  for  game  animal  production  is  the 
mountain  mahogany  type.   Other  shrubs  sometimes  found  in  the  type 
are  bitterbrush  and  serviceberry .   The  type  is  usually  found  on 
coarse  wind-laid  soils  on  upper  east-facing  slopes  where  blow-in 
snow  accumulates.   Common  among  the  herbaceous  understory  are 
threadleaf  sedge,  Indian  ricegrass,  and  hood's  phlox. 
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Red  Rim,  Wyoming 
Table  1  . — Percent  cover  of  vegetation,  mulch,  bare  soil,  and  rock  plus  yields   of  vegetation  and  mulch . Yields  are  shown  in  parentheses 


Vegetation  types 


Giant  wildrye 


Big  sagebrush 


Birdfoot 
sagebrush- 
winterfat 


Greasewood 
Big  sagebrush 


3ig  sagebrush 

Western 

wheatgrass 


Threadleaf 

sedge  and 

mixed  shrubs 


Mountain 
mahogany 


Mixed  grasses 
and  shrubs 


Site  numbers. 


2 

3 

and  11 

4 

t 

Yield 
(lb/acre) 

Percent 
cover 

Yield 
(lb/acre) 

Percent 
cover 

Yield 
(lb/acre) 

- 



41.0 

(   325.5) 
(    7.5) 
(    1.8) 
(   54.2) 

7.0 

1.7 

(   42.0) 
(   52.5) 

- 



3 

(   337.5) 

0.7 
0.7 

1.3 

(    76.0) 



Artemisia  pedatlf ida 
Artemisia  tridentata 
Atriplex  confertifolia 
Atriplex  nuttallii 
Cercocarpus  montanus 
Eurot ia  lanata 
Grayia  spinosa 
Gutierrezia  sarothrae 
Opunt ia  polyacantha 
Ribes  viscosissimum 
Rosa  arkansana 


Sarcobatus  vermiculatus 
Symphoricarpos  oreophilu s 
Tetradymia  canescens 

Grasses  and  grass-likes 

Agropyron  dasystachyum 
Agropyron  smithii 
Agropyron  spicatum 
Agropyron  trachycaulum 
Bromus  marginatus 
Carex  f ilifolia 
Elymus  cinereus 
Oryzopsis  hymenoides 
Poa  secunda 
Sitanion  hystrix 
Stipa  comata 
Stipa  viridula 
Unidentified  grass 

Forbs 


Aster  sp. 

Astragalus  triphyllus 
Cerastium  sp. 
Chenopodium  alba 
Erigeron  sp. 
Eriogonum  sp. 
Galium  boreale 
Geranium  sp. 
Hymenoxys  sp. 
Lappula  sp. 
Lepidium  perfoliatum 
Mimulus  sp. 
Phlox  hoodii 
Sisymbrium  sp. 
Sol idago  sp. 
Unidentified  forbs 


Rock 


Birdfoot  sagebrush 

Big  sagebrush 

Shadscale 

Nuttall  saltbush 

True  mountain  mahogany 

Winterfat 

Spiny  hopsage 

Snakeweed 

Plains  pricklypear 

Sticky  current 

Rose 

Greasewood 

Mountain  snowberry 

Gray  horsebrush 


Thickspike  wheatgrass 
Western  wheatgrass 
Bluebunch  wheatgrass 
Slender  wheatgrass 
Mountain  brome 
Threadleaf  sedge 
Giant  wildrye 
Indian  ricegrass 
Sandberg  bluegrass 
Bottlebrush  squirreltail 
Need le-and- thread 
Green  needlegrass 


Aster 

Tufted  milkvetch 

Chickweed 

Lambs  quarters 

Daisy 

Wild  buckwheat 

Northern  bedstraw 

Geranium 

Hymenoxys 

Stickseed 

Pepperweed 

Monkey  flower 

Hoods  phlox 

Mustard 

Goldenrod 


Percent   Yield   Percen 
cover   (lb/acre)   cover 


379.0) 


Total  live  cover  (percent)  and  total  vegeta- 
tion yields  (lb/acre) 

Estimated  carrying  capacity  in  animal  unit 
months  per  acre 


1.3 
0.7 


10.0 

28.7 


(   50.5) 
(   12.0) 


4.7    (   290.5) 


(   42.5) 
(   40.5) 


24.3    (1,083.5) 


(   26.5) 
(    6.0) 


(    20.5) 


0.3    (    16.5) 
(    94.0) 


(    23.5) 


27.4 
2.0 


(  2.0) 
(  29.0) 
(   16.0) 


3.2  (  10.8) 
2.7  (  27.2) 
1.0   


1.0  (  2.5) 
1.3  (  0.8) 
4.2    (   17.0) 


(    3.0) 

0.3    (    2.5) 


(    0.5) 


(    10.0)     0.2    (   17.8) 
(    6.0) 


13.0    (1,929.0)     17.0    (   153.5)     33.6    (1,122.5) 

27.0   9.6   

4.3   0.5   


87.0    (2,585.5) 


1.6 


51.7    (   394.5) 


5.6 


56.3    (   487.9) 


1.0 


15.7    (   45.5) 


6.0  (  21.5) 
1.7  (  8.5) 
0.7    (    7.5) 


(    7.0) 


0.3  (   54.5) 

(   51.0) 

6.0  (   98.0) 

40.3   

18.3   

35.4  (   366.0) 

6.2 


Percent   Yield   Percent    Yield    Percent    Yield    Percent    Yield    Percent    Yield 
cover   (lb/acre)   cover    (lb/acre)    cover    (lb/acre)    cover    (lb/acre)    cover    (lb/acre) 


26.0    (   662.5)     39.6    (   208.0) 

1.3    (   105.0)    

1.7   


8.7 
5.7 


28.0    (    75.5) 

4.0    

0.3   


4.7 
3.0 

1.7 


22.0    (   435.0) 


5.7    (    7.0) 


2.7   

3.4    (    30.5) 


2.0    (   102.0) 


0.7    (    1.0) 
6.3    (    3.5) 


(    14.5) 


6.0    ( 


7.5) 


13.3 


5.0 


26.3    (    39.0) 
3.3    (    5.5) 


5.7 


(    5.5) 


(   19.5)    

(   49.0)  5.3 

12.7 

3.7 


0.5) 


0.3   (    1.0) 


(    0.5) 
(   13.0) 


(    58.0) 


3.0 


7.6 


26.1 


9.3 


33.0) 
45.0) 
52.0) 
29.0) 


(   65.5) 


4.5) 
7.5) 


0.3 

0.3    ( 


7.5) 


5.7    (   440.0) 


—  (    1.5)    

1.3  (    2.5)  0.3  (    4.5)    (    7.0) 

0.3  1.3  (    11.5)  2.3  

27.0  (2,936.0)  26.7  (2,064.5)  12.7  (    24.0)  13.0  (   431.5)  18.7  (   242.5) 

9.0  13.7  26.3  24.7  23.6   

0.3  2.0  6.7  7.3  7.0   

63.3  (1,243.5)  57.6  (   366.5)  54.3  (   82.5)  55.0  (   230.0)  51.7  (   648.0) 


4.4 
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Estimated  carrying  capacities  for  each  type  sampled  are  shown  in 
table  12.   These  are  to  be  considered  only  as  "ball  park"  esti- 
mates.  A  commonly  used  "rule-of- thumb"  considers  50  percent  of 
the  annual  production  available  for  use  by  grazing  animals.   Be- 
cause of  such  factors  as  distance  from  water  and  steepness  of 
slopes,  40  percent  instead  of  50  has  been  used  in  these  computa- 
tions.  Where  significant,  additional  "cuts"  have  been  made  based 
on  species  palatability .   The  average  carrying  capacity  for  the 
study  area,  based  on  weighted  average  of  extent  of  each  type,  is 
6.84  acres  per  animal  unit  month.   This  converts  to  about  24,608 
acres  or  some  38  sections  required  to  support  a  ranch  with  300 
animal  units. 


Vegetation-Soil-Water  Relationships 

Water  relationships  in  soils  associated  with  vegetation  types  that 
predominate  the  Red  Rim  Study  Area  were  studied,  first,  to  define 
soil  parameters  essential  to  the  occurrence  of  natural  plant  com- 
munities, and  second,  to  derive  information  essential  for  rehabil- 
itation procedures  if  coal  resources  are  removed  by  surface  mining. 
Factors  affecting  the  availability  of  water  are  primarily  respon- 
sible for  kinds  and  amounts  of  vegetation  that  occur  naturally  on 
these  range  lands.   It  is  essential  to  understand  these  factors 
if  optimum  results  are  to  be  achieved  as  a  result  of  rehabilita- 
tion efforts. 

Soils  were  sampled  within  various  vegetation  types  at  the  11  sites 
shown  on  plate  3 .   The  sampling  was  done  in  the  summer  of  1975 
after  most  of  the  moisture  had  been  depleted,  and  that  level  of 
moisture  was  assumed  to  be  indicative  of  the  annual  average  mini- 
mum storage  level.   The  resulting  data  were  used  in  this  report, 
first,  in  the  development  of  interpretive  relationships,  and  then 
in  the  computation  of  the  amount  and  availability  of  soil  mois- 
ture associated  with  each  of  the  vegetation  types  sampled.   A 
table  of  all  data  collected  is  presented  in  appendix  D. 

Voids  available  for  infiltration  of  water  to  depth  in  soils  are 
the  result  of  maximum  levels  of  wetting  that  have  been  achieved 
within  a  period  of  many  years.   Void-moisture  capacity  (VMC) 
values  are  computed  from  volume  weight  (VW)  values,  assuming 
that  the  average  specific  gravity  of  soil  particles  is  2.65 
g/cm3.   This  relationship  is  presented  graphically  in  figure  6  . 
This  graph  permits  approximation  of  either  volume  weight  or 
void-moisture  capacity  if  the  other  value  is  known.   Void-moisture 
capacity  represents  the  water  content  of  the  soil,  on  a  dry  weight 
basis,  when  it  is  fully  saturated  at  the  existing  field  volume 
weight  of  the  soil.   Factors  that  limit  levels  of  wetting  achieved 
with  increasing  depth  are  interpreted  from  void-moisture  capacity 
values. 
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Table  13 


CONVERSION  FACTORS 


Metric 

g  (grams) 

mm  (millimeters) 

cm  (centimeters) 

dm  (decimeters) 

m  (meters) 

cm  ,  cc  (cubic  centimeters) 

g/cm3,  g/cc  (grams  per 

cubic  centimeter) 
g/cm2  (grams  per  square 

centimeter) 


log  (grams  per  square 

centimeter) 
kg/m2/h  (kilograms  per 

square  meter  per  hour) 


kg/hm2  (kilograms  per 
square  hectometer) 


Multiply  by 

English 

2.205  x 

10~3 

pounds 

.03937 

inches 

.3937 

inches 

3.937 

inches 

39.37 

inches 

rs)  .06102 

cubic  inches 

62.43 


2049 


.8924 


pounds  per  cubic  foot 


.01422 

pounds  per  square 

inch 

9.678  x 

lO"4 

atmospheres 

9.806  x 

lO"4 

bars 

1.0 

PF 

1.845 

pounds  per  square 

yard 

per  hour 
pounds  per  square  foot 
per  hour 

pounds  per  acre 
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Figure  6  . — Relationship  between  volume  weight  (VW)  and  void- 
moisture  capacity  (VMC)  of  soil. 
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Moisture-retention  capability  (MRC)  values  indicate  quantities  of 
water  adsorbed  to  surfaces  of  soil  particles.   Moisture-retention 
capability  (MRC)  is  the  water  content  of  the  soil  when  the  adsorp- 
tive  force  exerted  on  the  water  by  the  soil  particles  is  220  g/cm2 
(.22  bar).   The  concept  of  moisture-retention  capability  is  similar 
to  that  of  "field  capacity"  in  that  drainage  has  practically  ceased 
at  this  retention  force,  but  moisture-retention  capability  is  more 
specific  because  it  is  based  on  the  amount  of  adsorptive  surface  in 
a  soil.   There  is  evidence  that  10  molecular  layers  of  water  are 
adsorbed  (Michurin  and  Lytayev,  1967)  at  the  moisture-retention 
capability  level  (see  fig. 7  ).   Under  conditions  where  the  moisture 
content  is  less  than  the  moisture-retention  capability,  water  is 
retained  only  as  adsorbed  films,  with  each  consecutive  film  being 
one  molecule  thick. 

If  drainage  is  impeded,  water  accumulates  in  soil,  first,  as 
adsorbed  films  up  to  a  maximum  of  16  molecular  layers.   Water  then 
accumulates  as  capillary  water  on  top  of  the  adsorbed  water  until 
the  soil  becomes  saturated  (see  fig.  7  ) .   After  recharge  ceases 
capillary  water  drains  slowly  to  depth,  then  the  outer  six  layers 
of  adsorbed  water,  which  are  held  by  small  retention  forces,  are 
used.   The  remaining  water  is  held  at  the  moisture-retention  capa- 
bility level. 

Water  retained  by  capillary  forces  can  be  present  to  a  maximum  of 
222  cm  above  a  water  table  or  a  saturated  zone  above  an  impermeable 
layer.   The  maximum  retention  force  is  102"^4  or  222  g/cm2.   For 
each  centimeter  in  height  above  the  water  table  the  retention  force 
increases  1  g/cm2.   Ten  molecular  layers  of  water  are  adsorbed  to 
particle  surfaces  at  the  limit  of  capillary  rise;  16  molecular 
layers  of  water  are  adsorbed  beneath  water  retained  by  capillary 
forces  1  cm  above  the  water  table. 

The  mosisture-retention  force  increases  2.46  times  as  each  of  the 
16  molecular  layers  adsorbed  to  the  surface  of  soil  particles  is 
desorbed  (removed) .   The  retention  force  is  1  g/cm2  when  16  molec- 
ular layers  are  adsorbed  increasing  to  2.46  g/cm2  when  15  molec- 
ular layers  remain  adsorbed.   The  retention  force  progressively 
increases  to  6.05,  14.89,  36.64,  90.2  and  222  g/cm2  as  the  surface 
of  the  fourteenth  through  tenth  molecular  layers  of  adsorbed  water 
are  exposed.   The  large  magnitude  of  the  last  increase  in  sorption 
force  relative  to  the  previous  increases  explains  why  the 
tendency  for  water  to  drain  to  depth  decreases  drastically  at  the 
moisture-retention  capability  level. 

The  fact  that  the  sorption  force  increases  2.46  times  as  each 
consecutive  molecular  layer  of  water  is  desorbed  means  that  the 
increase  in  force  is  proportional  or  exponential.   The  exponent 
or  logarithm  of  the  sorption  force  expressed  in  g/cm2  increases 
by  uniform  increments  of  0.39  as  each  consecutive  molecular  layer 
of  water  is  desorbed  (see  fig. 7  ).   Expressed  exponentially  the 
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Figure    7   . — Graphic  models    illustrating  moisture- 
retention   characteristics   defined   for   low- 
swell   and   high-swell    soils.      Values    for 
moisture-retention   capability    (MRC)    and 
saturation  moisture   capacity    (SMC)    are 
indicated    for   one   soil   in   each   group. 
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sorption  force  increases  progressively  from  10°  to  10° *39  to 
100-78  to  101*17  to  101'56  to  101-95  to  102-3It  as  each  consecutive 
molecular  layer  of  water  drains  off  until  10  molecular  layers  of 
water  remain  adsorbed  at  the  moisture-retention  capability  level. 

Moisture-retention  forces  existing  at  the  time  soils  were  sampled 
were  measured  using  the  wide  range  "filter  paper"  method  of  McQueen 
and  Miller  (1968).   The  retention  force  or  moisture  stress  is 
determined  from  the  moisture  content  of  standard  filter  papers  at 
moisture  equilibrium  with  the  soil. 

Moisture  contents  of  soils  from  saturation  to  oven  dryness  and 
the  related  retention  forces  can  be  computed,  if  the  stress  at 
any  level  where  between  3  and  10  molecular  layers  are  adsorbed 
has  been  measured,  using  the  graphic  modeling  technique  of  McQueen 
and  Miller  (1974).   Potential  quantities  of  capillary  water  in 
excess  of  adsorbed  water  can  also  be  approximated  if  the  satu- 
ration-moisture capacity  is  measured.   Criteria  for  saturating 
soils,  prescribed  by  Richards  and  others  (1954)  were  used  in  this 
study.   Saturation-moisture  capacity  is  the  water  content  of  the 
soil  on  a  dry  weight  basis  when  all  of  the  voids  are  filled  under 
unconfined,  disturbed  conditions. 

Moisture-retention  characteristics  of  high-swell  soils  with 
saturation-moisture  capacity  (SMC)  values  of  10,  20,  30,  40,  50, 
60,  and  70  percent  are  illustrated  in  figure  7A ,  while  charac- 
teristics of  low-swell  soil  with  saturation-moisture  capacity 
values  of  20,  30,  and  40  percent  are  illustrated  in  figure  7B . 
Saturation-moisture  capacity  and  moisture-retention  capability 
values  used  to  define  these  lines  were  derived  from  the  relation- 
ships illustrated  in  figure  8  .   Lines  representing  adsorbed 
moisture  were  extended  down  from  10° *25  on  the  vertical  axis 
through  points  defined  by  the  moisture-retention  force  of  102*3 
g/cin2  and  the  water  content  at  the  moisture-retention  capability 
of  each  soil.   These  lines  represent  variations  in  moisture- 
retention  force  with  variations  in  moisture  contents  in  the  soils. 
Assuming  a  change  of  0.39  in  the  exponential  value  of  the  force 
for  each  layer  of  water,  the  number  of  molecular  layers  adsorbed 
to  particle  surfaces  can  be  discerned  (see  fig.  7  ).   Variations 
in  moisture  contents  as  capillary  forces  decrease  from  the  mois- 
ture-retention capability  level  to  saturation  were  approximated 
by  sketching  in  lines,  as  illustrated,  using  a  french  curve. 
Quantities  of  capillary  water  can  vary  between  the  lines  repre- 
senting adsorbed  and  capillary  water  (fig. 7  ).   The  curved  lines 
represent  maximum  probable  quantities  that  can  be  retained  by 
capillary  forces. 

Soils  contain  an  extra  increment  of  water  retained  by  high  levels 
of  stress.   This  water  is  contained  within  the  structure  of  clays, 
and  is,  therefore,  defined  as  structural  water.   Quantities  of 
structural  water  are  approximated  by  extending  lines  down  from 


82 


50 


>5 
a; 

40 

•x. 

z 

rr 

I 

40 

V) 

o 

a. 

i- 

20 

UJ 

2 

3 

-I 
O 

10 

> 

1 

1             1             1             1             \y I 

RED   RIM,  WYOMING  fcV'"  *          A 

- 

•533^ 

•                                     _ 

"i^i 

JSP  j*^ 

I 

1              1              1 

•  HIGH-SWELL   SOILS 
o  LOW-SWELL  SOILS 

i              I              i 

.10 


.20    .30   .40    .50    .60    .70 


.80 


.10    .20    .30   .40    .50   .60   .70   .80 
SATURATION-MOISTURE  CAPACITY  (%) 


Figure  8  • — Relationships  of  saturation- 
moisture  capacity  to  volumetric 
shrinkage  and  to  moisture-retention 
capability,  indicating  two  different 
kinds  of  soil  in  the  study  area. 
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107'00  on  the  vertical  axis  to  the  point  representing  moisture 
content  at  a  retention  force  of  io5*00  g/cm2  on  lines  representing 
adsorbed  water  (fig.  7  ).   As  soils  dry  the  water  contained  within 
the  structure  of  clays  can  be  depleted.   This  water  must  be  replen- 
ished when  soils  are  rewetted.   If  this  increment  of  water  is  not 
considered  in  computations,  the  computations  will  be  slightly  in 
error. 

Saturation  moisture  capacity  and  volumetric  shrink  data  derived 
from  all  but  two  of  the  sites  plot  in  a  single  line  designated  as 
representing  high-swell  soils  in  figure  8A  .   These  soils  probably 
contain  montmorillonitic  clay.   Data  from  two  sites  plot  as  a 
distinctly  different  line  with  lower  swelling  and  shrinking  char- 
acteristics relative  to  saturation-moisture  capacity  values. 
These  two  profiles  have  developed  in  windblown  sand.   It  is  quite 
possible  that  most  of  the  fine  fraction  containing  montmorillonitic 
clay  has  been  seperated  from  the  remaining  coarser  materials  by 
wind  action.   The  low-swell  materials  have  more  porosity  relative 
to  adsorptive  surface  than  the  high-swell  materials.   This  is 
illustrated  by  the  lower  moisture-retention  capabilities  relative 
to  saturation  moisture  capacities  evident  in  both  figures  7  and 
8  . 

Under  field  conditions  it  may  be  advantageous  to  approximate 
moisture-retention  capabilities  from  saturation-moisture  capac- 
ities, using  the  relationships  presented  in  figure  9  .   If  ovens 
for  drying  the  soil  are  not  available  or  an  immediate  answer  is 
required,  the  saturation-moisture  capacity  of  a  sample  of  soil 
can  be  approximated  from  the  volume  weight  of  the  saturated  mate- 
rial using  the  linear  relationships  illustrated  in  figure 

The  relationship  between  saturation-moisture  capacity  and  mois- 
ture-retention capability  in  figure  8 B  and  the  relationship 
between  volume  weight  of  saturated  soil  and  saturation-moisture 
capacity  in  figure  9A  can  be  combined  to  permit  approximation  of 
moisture-retention  capability  from  weight  per  unit  volume  of 
saturated  soil,  as  illustrated  in  f igure  9B .   Use  of  this 
relationship  provides  a  quick  means  of  evaluating  moisture- 
retention  capability  of  soil  material  under  field  conditions. 

Most  of  the  soil  moisture  used  by  vegetation  occurring  on  the 
study  area  is  derived  from  snowmelt.   Snowfall  is  possible  from 
mid-September  through  late  May.   An  average  of  149  mm  (5.93  in) 
of  precipitation  occurs  over  this  period,  while  only  60  mm 
(2.38  in)  occurs  during  the  frost-free  period.   Thus  63  percent 
of  normal  annual  precipitation  arrives  as  snow,  while  37  percent 
arrives  as  rain  over  the  summer  months. 


84 


< 

(- 
< 

to 


LU 

t- 
LU 


100 


90  - 


£ 

80 

> 

1- 

o 

70 

< 

Q. 

< 

O 

60 

UJ 

cc 

3 

50 

co 

40 


30 


20- 


10  - 


1 

villi 

1              1 

A 

- 

\    RED  RIM,  WYOMING 

- 

- 

\n=l96 
\  r  =  -0.88 

- 

\\ 

S? 

• 
• 

— 

•fya 

•I  \ 

•M 

iL*- 

- 

•* 
•• 

- 

• 

1 

1             1             1              1             1 

1        1 

1.0        I.I        1.2       1.3        1.4        1.5 


_     50 
8? 


CD 

< 
< 


1.6 


1.8 


JU 

i        iv^ 

i        i        i        i        i 

1 

B 

40 

— 

30 

- 

20 

— 

1       II       1        1 

— 

10 
n 

i        i 

<iNl 

- 

1.0   I.I    1.2   1.3   1.4    1.5   1.6   1.7   1.8   1.9 
VOLUME  WEIGHT  OF  SATURATED  SOIL  (g/cm3) 


Figure  9. — Relationships  for  determining  the 
moisture  content  at  saturation  and  the 
moisture-retention  capability  of  soil 
from  the  weight  of  a  known  volume  of 
saturated  soil. 
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Figure  10. — Photographs   and   soil-moisture   properties   of    four   sites 
on   upland   slopes  where   snow  accumulation   is  minimal.      The 
values   within   the   graphs   are   computed  moisture   storage    in 
millimeters. 
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Maximum  levels  of  water  stored  in  and  depleted  from  soils  are  com- 
puted as  the  difference  between  quantities  that  could  be  contained 
at  void-moisture  capacity  (VMC)  and  at  minimum  moisture  storage 
(MS).   The  moisture  contents  at  the  sampling  time  in  late  July 
1975  when  the  soils  were  dry  were  used  as  estimates  of  annual  min- 
imum storage  values.   Computations  are  based  on  differences  measured 
in  the  upper  horizons  where  void  capacities  in  excess  of  retention- 
capability  levels  permit  drainage  of  water  to  greater  depths. 

Normal  soil-moisture  storage  is  less  than  average  annual  snowfall; 
measured  at  Rawlins,  Wyoming;  on  upland  habitats  where  wind  charac- 
teristically blows  snow  away  and  also  where  water  from  rainstorms 
may  run  off.   Data  derived  from  sites  4,  8,  9,  and  10  (see  table  12 
and  plate  3  )  are  typical  of  upland  areas.   Photographs  of  the 
vegetative  aspect  and  graphs  illustrating  moisture-retention 
properties  of  soil  profiles  at  each  of  these  sites  are  presented 
in  figure  10  .   Void-moisture  capacities  gradually  decrease  from 
the  surface  to  where  they  become  less  than  the  moisture-retention 
capability  at  sites  4  and  8,  while  voids  diminish  only  to  the 
retention-capability  level  at  sites  9  and  10. 

Quantities  of  moisture  required  to  initially  fill  voids  in  the 
surface  horizon  tend  to  increase  as  the  retention  capability  of 
soils  become  smaller  in  progressing  from  site  4  to  site  9  (fig.  10  ). 
The  main  cause  for  this  is  an  increase  in  the  depth  at  which  the 
void  capacity  becomes  smaller  than  the  retention  capability  in 
progressing  from  site  4  to  site  9.   Assuming  that  amounts  of  snow 
accumulation  are  similar  on  these  sites,  the  amount  of  runoff 
probably  decreases  in  progressing  from  site  4  to  site  9.   Grass 
establishment  may  be  difficult,  unless  a  surface  treatment  is 
applied,  if  the  medium-  to  fine-textured  soils  associated  with  the 
birdfoot  sagebrush  (site  4) ,  threadleaf  sedge  (site  8) ,  and  mixed 
grasses  and  shrubs  (site  10)  types  are  replaced  on  the  surface 
after  mining.   These  soils  are  in  the  textural  range  where 
reseeding  failed  after  sagebrush  eradication  (Shown,  Miller,  and 
Branson,  1969)  but  reseeding  in  areas  treated  with  the  Arcadia 
contour  furrower  was  successful  (Branson,  Miller,  and  McQueen, 
1966).   Sandy  soils  associated  with  the  mountain  mahogany  type  are 
quite  permeable.   They  also  have  the  capability  of  minimizing 
evaporation.   This  is  indicated  by  evidence  that  levels  of 
moisture-retention  force  increase  abruptly  as  the  surface  is 
approached  from  below  in  sites  4,  8,  and  10  with  high  to  medium 
moisture-retention  capabilities,  but  not  in  the  dune  sand  at  site  9 
(see  fig.  10). 

Snow  and  runoff  from  the  uplands  accumulates  in  the  valleys,  where 
quantities  of  water  greater  than  could  be  derived  from  normal  snow- 
fall are  stored  in  the  soil  and  subsequently  evapotranspired. 
Except  for  areas  with  a  cover  of  winterfat,  big  sagebrush  dominates 
the  aspect  in  areas  where  snow  accumulates.   Photographs  of  the 
vegetative  aspect  at  valley-located  sites  2,  3,  7,  and  11  (see 
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table  12  and  plate  3  )  and  graphs  illustrating  differences  in 
moisture-retention  properties  of  associated  soils  are  presented 
in  figure  1 1  .   Void-moisture  capacities  exceed  moisture-retention 
capabilities  throughout  the  soil  profiles,  as  a  result  of  the 
extra  moisture  received.   Spiny  hopsage  is  present  with  big  sage- 
brush at  site  7,  where  the  retention  capability  of  the  silty  clay 
soil  is  high.   Shown,  Miller,  and  Branson  (1969)  also  observed 
that  spiny  hopsage  was  an  indicator  of  finer-textured  soil.   Areas 
with  a  cover  of  spiny  hopsage  were  not  amenable  to  eradication  and 
reseeding.   Retention  of  water  on  the  surface  in  furrows  was 
required  to  acquire  a  satisfactory  stand  of  crested  wheatgrass  in 
soils  of  this  textural  range  (Branson,  Miller,  and  McQueen,  1966). 

The  presence  of  winterfat  defines  areas  of  medium-textured  allu- 
vium.  Limiting  void-moisture  capacities  are  greater  under  winter- 
fat  than  under  areas  with  spiny  hopsage.   Voids  will  permit  up  to 
14  molecular  layers  to  be  adsorbed  under  winterfat,  but  are 
restricted  to  11  molecular  layers  in  areas  where  spiny  hopsage 
occurs.   Drainage  to  depth  is  possible  when  water  can  be  adsorbed 
in  excess  of  10  molecular  layers,  but  rates  of  drainage  would  be 
slower  where  there  are  smaller  voids. 

Void-moisture  capacities  exceed  the  adsorption-moisture  capacity 
limit  of  16  molecular  layers  in  areas  where  almost  pure  stands  of 
big  sagebrush  predominate.   This  occurs  at  site  3  on  soil  that 
characteristically  would  have  a  cover  of  winterfat.   Sagebrush 
occurs  there  because  of  the  infiltration  of  water  that  runs  in 
from  upslope.   Run-in  water  is  not  essential  for  the  occurrence  of 
sagebrush  on  sandy  loam  soils  with  lower  retention  capabilities, 
as  is  illustrated  by  data  for  site  11.   Moisture  derived  from 
entrapped  snow  which  blows  off  higher  areas  provides  the  essential 
moisture  in  these  areas.   The  placement  of  these  soils  in  the 
valleys  of  the  reshaped  landscape  following  mining  would  retain 
the  benefits  of  snow  accumulation.   In  these  soils  where  voids 
exceed  the  adsorption  capacity  of  16  molecular  layers,  water 
drains  to  depth  more  readily.   Under  these  conditions  it  is 
assumed  that  decreases  in  void  capacity  with  depth  indicate  the 
wetting  gradient  of  each  soil.   Areas  dominated  by  big  sagebrush 
with  sandy  loam  soils  should  be  amenable  to  seeding  with  crested 
wheatgrass  or  native  grasses  without  furrowing  (Shown,  Miller, 
and  Branson,  1969). 

Greasewood  occurs  with  big  sagebrush  on  deep  alluvium  at  site  5 
(plate  3  ,  table  12  ,  and  fig.  12  )  adjacent  to  the  channel  of 
Seperation  Creek.   The  amount  of  soil-moisture  storage  is  insuffi- 
cient to  account  for  the  amount  of  plant  cover.   Roots  from  grease- 
wood  can  penetrate  to  great  depths  to  obtain  ground  water  and  were 
still  present  in  significant  quantities  at  a  depth  of  4.8  meters 
at  this  sampling  site.   The  alluvium  associated  with  this  type  is 
a  sandy  loam  to  loam  in  texture.   It  has  a  high  pH  indicative  of 
the  presence  of  sodium  concentrated  by  greasewood,  and  is  rather 
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Figure  1 1  . — Photographs  and  soil-moisture  properties  of  four  sites 
where  snow  accumulates  in  upland  valleys.   The  values  within 
the  graphs  are  computed  moisture  storage  in  millimeters. 


89 


'•  V  * 


\^m% 


* 


PERCENT  WATER  IN  SOIL  BY  WEIGHT 
0     10    20    30    40    50    60    70   80    90 


15  10  5  0 

MOLECULAR  LAYERS  ADSORBED 


-TT — " — 

T 1     y>t              1              1 

1 

-U9M13, 

. 

»  )     /^^ 

• 

™  r  ~  t  x 

■ 

—A        \ 

— 

sile  5 

■ 

-  /   i  / 

big    sagebrush 

■ 

-"\^"L 

greasewood 

. 

_  j  /  / 

. 

-  \  i  • 

- 

•" 

»    « 

J 1 1 1 1 

1 

0°  101    102  103  104  105  106   0     10    20    30    40    50    60    70    80    90 


._        -^      i      i  yr      i      i r 

I    \       >MRC     f 

- 

■  h 

79/ 

/VMC 

* 

>s\  \ 

i\                 s  i  \  e    6 

: 

-  V* 

I         silver    sagebrush 

_ 

)    : 

- 

Uf 

: 

i i 

.1       J— i-     -L      1         1 

- 

15  10  5  0 

MOLECULAR  LAYERS  ADSORBED 

RETENTION  FORCEtg  cm2)       PERCENT  WATER  IN  SOIL  BY  WEIGHT 

0°  101    102  103  104  105  106   0      10    20    30    40    50    60    70   80    90 


15  10  5  0 

MOLECULAR  LAYERS  ADSORBED 


Figure  1 2  . — Photographs  and  soil-moisture  properties  of  three  sites 
where  moisture  is  plentiful.   The  shrubs  at  sites  5  and  6 
utilize  ground  water  from  alluvium  in  addition  to  soil  moisture, 
Deep  accumulation  of  snow  during  winter  is  the  apparent  source 
of  soil  water  at  site  1  which  is  highly  productive.   The  values 
within  the  graphs  are  computed  moisture  storage  in  millimeters. 
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saline,  but  because  of  the  texture,  both  sodium  and  salt  could  be 
leached  out  of  the  material.   Application  of  gypsum  to  the  surface 
would  insure  replacement  of  adsorbed  sodium  with  calcium  and 
improved  soil  structure.   Deposition  of  2  feet  of  this  relatively 
coarse  material  over  finer-textured  soil  would  result  in  adsorption 
of  water  in  excess  of  the  retention-capability  level  of  10  molec- 
ular layers.   Energy  required  to  desorb  water  from  the  11th,  12th, 
or  13th  layer  adsorbed  is  lower  than  where  ready  drainage  to 
retention-capability  levels  can  occur.   As  a  result  more  vegetation 
cover  and  forage  can  be  produced  per  unit  of  water  stored  under 
these  conditions. 

The  flood  plain  of  Seperation  Creek  is  occupied  by  a  stand  of  tall 
silver  sagebrush  with  an  understory  of  grasses  (site  6,  fig. 12  ). 
Here  again  soil-moisture  storage  does  not  account  for  the  produc- 
tivity of  the  site,  so  use  of  ground  water  in  addition  to  soil 
moisture  is  assumed.   Some  layers  of  alluvium  of  the  flood  plain 
are  moderately  fine  textured  and  may  require  a  surface  treatment 
to  retain  runoff  water  if  used  for  rehabilitation  on  nonflooded 
sites . 

Site  1  (plate  3  ,  table  12  ,  and  fig.  '2  )  was  the  wettest  and  most 
productive  site  sampled.   It  occurs  in  the  lee  of  a  steep  slope 
where  huge  quantities  of  snow  apparently  accumulate.   Void  capac- 
ities in  this  medium-textured  soil  diminish  to  the  retention- 
capability  level  at  a  depth  of  2  meters  in  this  profile,  as  com- 
pared to  shallower  depths  in  the  other  two  sites  illustrated  in 
figure  12  .   Storage  of  water  in  excess  of  retention-capability 
levels  is  quite  evident,  because  of  the  magnitude  of  void-moisture 
capacities,  and  because  depletion  beyond  retention-capability 
levels  is  quite  minimal.   This  type  provides  evidence  that  produc- 
tivity of  the  area  could  be  increased  by  reshaping  the  land  to 
influence  the  accumulation  of  snow  after  mining.   The  site  also 
provides  evidence  of  the  increased  productivity  that  can  result 
from  moisture  stored  as  loosely  adsorbed  films  in  excess  of 
retention-capability  levels. 

A  linear  relationship  between  live  vegetation  cover  and  quantities 
of  water  depleted  between  maximum  void-moisture  capacity  and  mini- 
mum levels  of  storage  is  presented  in  figure  13  .   There  was  suffi- 
cient data  available  from  the  sites  sampled  in  the  Red  Rim  Study 
to  indicate  that  a  linear  relationship  existed.   Data  from  the 
Hanna  and  Potter  Mountain  EMRIA  Study  Areas  was  included  with  data 
from  Red  Rim  to  define  a  linear  relationship  that  would  be  appli- 
cable most  places  in  the  Wyoming  Basin  where  snow  is  the  primary 
source  of  soil  moisture. 

The  millimeters  of  water  normally  depleted  from  a  soil  can  be 
computed  as  7.19  times  the  percent  cover  minus  177,  or  by  use  of 
the  graph  in  figure  1 3  .   The  "r"  value  for  the  relationship  is 
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Figure  13  . — Relationship  of  live-vegetation  cover  to 
the  quantity  of  water  depleted  from  soil  between 
maximum  and  minimum  storage  levels. 
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0.87,  so  the  quantity  of  water  stored  in  the  soil  is  a  major  factor 
in  determining  the  amount  of  cover.   Estimates  of  soil  moisture 
storage  in  similar  areas  could  be  made  by  applying  BLM  Watershed 
Conservation  and  Development  System  Phase  1  cover  data  in  this 
relationship.   If  adequate  precipitation  information  is  available, 
runoff  potential  could  be  computed  by  taking  the  difference  between 
annual  precipitation  and  annual  soil-moisture  depletion.   Carrying 
capacity  data  as  well  as  cover  data  can  be  used  to  determine  the 
efficiency  with  which  the  water  resource  is  used  under  premining 
conditions  as  compared  to  post-rehabilitation  conditions. 

Data  in  figure  14  shows  that  salt-desert  shrubs  have  a  greater 
capability  for  removing  water  from  soils  than  northern  desert 
shrubs.   Both  groups  of  shrubs  occur  on  the  Red  Rim  Study  Area, 
but  some  of  the  points  represent  data  from  the  Hanna  Basin  and 
Potter  Mountain  EMRIA  Study  Areas.   Species  in  the  salt-desert 
shrub  group  are  nuttall  saltbush  and  winterfat.   Species  in  the 
northern  desert  shrub  group  include  big  sagebrush,  birdfoot  sage- 
brush, gray  horsebrush,  spiny  hopsage;  and  the  mountain  browse 
species,  true  mountain  mahogany.   Because  salt-desert  shrubs  can 
exert  more  force  per  unit  of  water  extracted  from  the  soil,  they 
occur  on  drier  sites  where  runoff  is  appreciable  or  snow  accumu- 
lation is  meager.   Salt  desert  shrubs  can  deplete  moisture  to 
where  only  three  molecular  layers  of  adsorbed  water  remain,  while 
the  northern  desert  shrubs  deplete  water  to  where  four  or  five 
molecular  layers  remain. 

Data  from  the  Red  Rim  Study  Area  in  table  14  indicates  how  the 
amount  and  availability  of  soil  moisture  at  a  site  affects  the 
kind  and  number  of  vegetation  species  occurring  on  that  site. 
Low-growing  shrubs  and  grasses  occur  on  sites  where  the  most 
force  to  desorb  water  was  required.   The  number  of  species  tend 
to  increase  as  the  force  requirements  decrease  with  a  corre- 
sponding shift  toward  species  with  greater  water  requirements. 
Taller  shrubs  and  grasses  are  present  as  force  requirements 
diminish.   Tall  grasses  predominate  on  site  1  where  soil  moisture 
is  most  plentiful  and  is  retained  at  low  forces. 

Relationships  between  the  quantity  of  soil  water  and  the  force  or 
energy  requirements  for  desorbing  the  water  can  be  manipulated  to 
change  the  species  mix,  increase  forage  production  or  decrease  a 
hydrologic  response  such  as  runoff  or  erosion.   In  any  given  soil, 
force  requirements  per  unit  of  water  desorbed  can  be  decreased  by 
increasing  the  amount  of  water  stored  in  the  soil.   This  can  be 
achieved  when  reducing  runoff  by  contour  furrowing  or  some  other 
biological  or  mechanical  treatment  of  the  surface  soil  or  the 
vegetation.   It  could  also  be  achieved  by  influencing  snow  accu- 
mulation by  shaping  the  soil  surface,  using  drift  fences  or  by 
planting  vegetation  that  traps  snow.   Energy  requirements  can  also 
be  reduced  by  placing  a  layer  of  coarse  soil  over  fine  soil,  which 
will  result  in  perching  of  water  at  levels  of  stress  less  than 
retention-capability  levels. 
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Figure  14  . — Diagram  showing  that  salt-desert  shrubs  have  a 
greater  capability  for  extracting  water  from  the  soil 
than  northern-desert  shrubs. 


94 


QJ 

u 


m 


.       o 


oo        m 


co        oo 


m 

CN 


oo 
co 


co 


CM  i— I 

St 


X 


X 


*s-«      K^*      K^*      N*"4      "-w*      *s^*      S*^ 
PS      PS     PS     PS     PS      i^     PS 


X 


X 


PS  PS     PS 


PS    PS  PS  PS  ps    ps  ps    ps 


X   X 


K^       K^*      Ks* 
PS     PS     PS 


x 


Ps    PS    PS    Ps 


Ps    Ps    ps 


x 


XXX 


X 


X 


X  X 


Ps     PS     PS    PS 


PS     PS     PS     PS 


CO 
CO 

cO 
u 

60 

co 

3 
iH 
X» 
4-1 

CO  60 
(4-1  S-i 
U  0) 
0)  j3 
4-1  T3 
3  3 
•i-(  CO 
2    CO 


0) 

J-. 

•H    .3 

3   cn 

cr  a 
cn  jd 

4-1 


CO 

3 
j-i 
x> 

0) 
H 

•u 

o 

CQ 


cn 
cn 
CO 
M 
cn  60 
ai 
a 
H 


3 

OJ 

60 
CO     C 
cn    co 

•H 
60  T3 
•H  3 
CQ    M 


cn  x: 

CO  CO 
CO  3 
5-i     J-c 

60  X> 
4-1  0) 
CO  60 
0)  CO 
,3     CO 


c  o 

U  o 

OJ  4-1 

4-1  T3 

CO  U 

OJ  -H 

3  OQ 


CO 

3  QJ 

>-i  60 

Xl  CO 

OJ  CO 

cn  a. 

u  o 

o  x: 
xi 

>> 

>,  c 

CO  -H 

u  a 

O  CO 


en 

cn 

CO 

60 

4-1  QJ 

CO  60 

QJ  CO 

x:    cn 
3 


cn    c 
cn    co 

CO     60    >-i 

>-i  o  co 
60  x:  QJ 
co 

e 


>>  cn 


x: 

CO 

T3 

a 

OJ 

<D 

C 

H 

0) 

3 

13 

3 

X 

CC 

QJ 

CD 

QJ 

^ 

3 

M 

CO 

3 

3 

a-  o 
cn    B 

o    QJ 


^  4-1 

3  -H  C 

H    ^  QJ 

CO     O  t-i 

4-1    -H  U 

U  3 

a,  a 


CO 

CO 

M 

60    QJ 


CO 

QJ 
cn  X   X> 

3 


cn    >% 

C  A! 
O     QJ 


U 


3   -H 


pq 


iH  co   H 


•H     QJ     CO    -H     cn 


H  cn  cn  tt! 


cO  Qj  co 

4J  T3  4J 

3  3  3 

3  qj  3 

O  iH  O 

S  co  S 


cn 

cn 

CO 

M 

QJ     60 

>>    OJ 

»-l    r-H 

T3    TD 

OJ 

0) 

3     3 

4J  3 

3  0) 

CO  0) 

•H  I-i 

O  O 


95 


Infiltration  and  Soil  Detachability 

Soil  erosion  and  sediment  production  involve  the  interaction  of 
two  sets  of  forces.   One  set  of  forces,  the  erosive  agents,  cannot 
be  forecast  for  any  given  time  period  at  a  given  site  except  as 
probabilities  based  on  past  records.   The  other  set  of  forces,  the 
ability  of  the  soil  to  resist  the  actions  of  the  erosive  agents, 
can  be  defined  by  properly  designed  laboratory  and  field  tests. 

Detachment  and  transport  of  sediment  in  runoff  can  occur  only  when 
the  rate  of  rainfall  (or  snowmelt)  exceeds  the  rate  of  infiltration. 
Therefore,  the  infiltration  rate  of  the  soil  becomes  a  definable 
parameter  of  the  erosive  forces.   If  infiltration  relationships  are 
known,  estimates  can  be  made  for  the  magnitude  of  storm  that  will 
produce  runoff  and  erosion. 

Infiltration  rates  on  mined  areas  will  be  different  from  rates 
measured  on  undisturbed  areas  under  native  vegetation.   Soil 
structure  and  root  channels  that  aid  infiltration  will  be  destroyed 
and  pososities  of  the  soils  will  be  reduced  because  of  packing  by 
machinery  used  to  replace  and  reshape  the  soils.   As  new  vege- 
tation becomes  established  during  the  rehabilitation  period,  normal 
infiltration  rates  may  gradually  be  restored. 

Fragmented  hydraulic  conductivities,  reported  in  appendix  (Soils), 
on  pages  C-6  through  C-ll,  are  indexes  of  disturbed  hydraulic 
conductivity  rates.   Areal  distribution  of  hydraulic  conductivity 
classes  are  shown  on  plate  A.   These  are  based  on  measurements  on 
cores  from  the  various  soil-mapping  units  shown  on  figures  C-6 
through  C-10,  also  in  the  appendix  (Soils). 

Infiltration  rates  of  the  surface  soils  are  high,  with  the  ex- 
ception of  those  in  Class  A  on  plate  4  .   The  soils  in  Class  -£ 
have  restrictions  to  permeability  within  the  profiles  indicating 
that  runoff  may  be  excessive  during  intense  rainstorms  or  pro- 
longed snowmelt. 

Detachability  of  soil  particles  is  influenced  by  depositional 
sequences  and  soil-forming  processes.   Humic  surface  soils  are 
less  susceptible  to  erosion  than  deeper  soil  horizons  with  less 
humus  and  lower  root  concentrations.   Clay  horizons,  deposited  by 
soil-forming  processes  or  by  alluvial  sequences,  have  low  suscep- 
tibility to  erosion.   Fine  sands  and  silts  are  susceptible  to 
erosion  when  they  are  not  stabilized  by  vegetation. 

Susceptibility  of  soils  to  erosion  by  flowing  water  was  determined 
in  the  laboratory  by  subjecting  samples  to  controlled  erosion 
forces  and  measuring  the  rates  of  detachment  (McQueen,  1961). 
This  procedure  does  not  predict  actual  sediment  production  from 
the  wide  range  of  erosion  events  that  occur  at  a  site  but  it  does 
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define  relative  detachability  of  individual  soil  samples.   Remolded 
samples  were  used  in  these  tests  to  simulate  the  disturbed  condi- 
tions of  the  soils  that  would  prevail  during  mining  and 
rehabilitation. 

Detachability  data  for  samples  from  soil  and  vegetation  sampling 
sites  are  shown  in  figure  15  and  are  also  listed  in  table  D I  in 
the  appendix.   Site  1,  with  a  productive  cover  of  giant  wildrye, 
has  the  least  erodible  soil.   Organic-matter  cementing  of  aggregates 
and  greater  root  concentrations  appear  to  be  the  reasons  for  the 
lower  detachability  rates  in  the  upper  0.5  meter  of  that  soil. 
Soils  of  sites  2,  3,  7,  and  10  are  moderately  erodible.   Detach- 
ability rates  increase  for  samples  that  were  from  depths  below 
about  1  meter  in  those  soils. 

The  soils  of  sites  4,  9,  and  11  are  highly  detachable  (fig. 15). 
The  soil  at  site  4  is  moderately  fine-textured,  and  the  soils  at 
sites  9  and  11  are  moderately  coarse-textured.   Detachability 
rates  are  lower  for  the  upper  0.2  meters  of  the  site  11  soil, 
probably  because  of  greater  root  and  organic  matter  concentration. 

Sites  5  and  6  are  on  alluvium  near  Separation  Creek.   Detachability 
rates  are  relatively  low  near  the  surface  but  vary  erratically  with 
depth  on  these  sites.   This  is  apparently  due  to  minor  variations 
in  texture  between  successive  layers  in  the  deposits. 

Detachability  rates  are  low  for  the  upper  two  samples  of  site  8 
but  increase  drastically  for  the  samples  from  greater  depths 
(fig.  15).   This  illustrates  the  soil-binding  effect  of  shallow- 
rooted,  sod-forming  vegetation. 

If  the  area  is  mined,  erosion  during  the  rehabilitation  period 
could  be  reduced  by  utilizing  the  present  surface  soils  as  top 
dressing.   Some  form  of  surface  treatment  such  as  contour  furrowing 
with  check  dams  (Branson,  Miller,  and  McQueen,  1966)  or  gouger 
pitting  (Sindelar,  and  others,  1974)  may  be  required  for  erosion 
control  on  sandy  areas  steeper  than  about  10  percent  and  on  all 
areas  topped  with  fine-textured  materials,  regardless  of  slope. 
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Figure  15  . — Graphs  showing  variations  with  depth  of  soil 
detachability  rates  as  measured  in  flowing  water. 
Locations  of  the  sites  are  shown  on  plates  3  and  4 
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Sediment  Yields 


Procedures 


The  sediment-yield  information  presented  in  this  section  was  derived 
using  the  PSIAC  (Pacific  Southwest  Inter-Agency  Committee)  (1968) 
method.   Experience  indicates  that  the  values  are  reasonable,  but 
their  accuracy  has  not  been  verified  by  measurements. 

The  mapping  unit  that  is  the  basis  of  this  sediment-yield  evaluation 
is  the  source  area.   A  source  area  is  defined  as  a  relatively  homo- 
genous watershed  area  that  is  only  a  part  of  a  complete  drainage 
basin.   The  primary  factor  used  in  delineating  a  source  area  is 
landform  type.   Other  factors  considered  are  vegetation  type  and 
density,  slope  gradient,  drainage  density,  and  sometimes  surficial 
geology.   These  factors  are  assigned  numberical  ratings  during  the 
mapping  process  in  order  to  assess  the  hydrologic  variation  for  the 
given  landforms  and  to  provide  input  for  the  PSIAC  ratings. 

Nine  factors  are  rated  when  using  the  PSIAC  method:   surface  geology, 
soils,  climate,  runoff,  topography,  ground  cover,  land  use,  upland 
erosion,  channel  erosion,  and  sediment  transport.   The  method  was 
developed  to  make  broad  sediment-yield  classifications  for  large 
areas,  such  as  river  subbasins,  but  Shown  (1970)  found  that  method 
provides  reasonable  estimates  for  small  drainage  basins.   In  applying 
the  method  on  source  areas  some  adjustments  are  made  because  a  com- 
plete drainage  system  is  not  being  considered.   Fan  and  floodplain 
development  are  not  considered  in  the  topography  factor  and  sediment 
transport  capabilities  are  not  considered  for  channels  that  originate 
in  upslope  source  areas  and  that  cross  through  the  source  area  being 
rated.   These  factors  are  taken  into  account  by  the  sediment- 
conveyance  factor,  which  is  multiplied  by  the  weighted  average 
source-area  sediment  yield  to  obtain  the  sediment  discharge  from  a 
drainage  basin. 

Interpretations  of  false-color  aerial  photographs  (1:12,000  scale) 
were  used  to  extend  the  source-area  sediment-yield  estimates  to 
those  areas  that  were  not  actually  rated  in  the  field.   This  resulted 
in  the  source-area  sediment  yield  map  shown  on  plate  5  .   The  slope 
data  were  obtained  from  the  1:24,000  U.S.G.S.  topographic  quadrangles. 
The  percentage  of  bare  soil  was  measured  by  the  first  contact-point 
method  within  selected  vegetation  types  on  the  site,  and  estimates 
were  made  for  the  remaining  types  with  the  aid  of  the  aerial 
photographs . 

Channel  characteristics  were  measured  at  selected  locations  on  the 
study  area  to  obtain  indexes  of  streamflow  characteristics  and 
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EXPLANATION 


Estimated  annual 
source-area 

sediment  yields 
(acre-ft/mi2) 


Land  forms 


Slope  gradients      Bar j  soil  estimates 


Range 
(percent) 


Mean 
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High 
1.2-1.6 
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hillslope,  hill  and  valley,  plain 

hillslope 

dissected  bottomland,  alluvial  fan 

hillslope 

hillslope,  hill  and  valley 

hillslope 

hillslope 


0.3-3.5 

4-4 


6- 

4- 

-31 
-4 

9- 
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7- 

-19 

18- 

-40 

20- 

-33 

Study  area  boundary 
Boundary  of  mapped  area 


ESTIMATED  ANNUAL  SOURCE-AREA  SEDIMENT  YIELDS 
FOR  THE  RED  RIM  STUDY  AREA— WYOMING,  1975 


Base  from  U.S.  Geological  Survey 

Fillmore  Ranch  and  Riner 

7^-minute  quadrangles 


PLATE   5 
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sediment  transport  capabilities,  and  samples  were  taken  with  which 
to  determine  particle-size  distribution  of  the  bed  and  bank  materials 
(table  15  ).   The  complete  main  channel  system  was  classified  according 
to  channel  type  and  condition  (plate  6  ) .   The  channel  classification 
was  done  by  interpretation  of  the  1:12,000  scale  aerial  photography, 
and  only  those  channels  that  were  larger  than  about  fourth  order 
according  to  Strahler's  (1952)  classification  were  delineated. 
These  analyses  of  the  channel  system  will  serve  as  baseline  infor- 
mation and  they  should  be  useful  in  preparing  the  design  criteria 
for  reshaping  the  terrain  if  the  area  is  mined.   The  channel- 
classification  information  was  also  used  in  deriving  the  sediment- 
conveyance  factor  as  the  different  sediment-transport  efficiencies 
and  sediment-deposition  attributes  associated  with  those  efficiencies. 
The  scheme  used  in  assigning  the  sediment-conveyance  factor  was  used 
previously  by  Frickel,  Shown,  and  Patton  (1975).   The  scheme  con- 
siders the  effects  on  sediment  transport  of  various  conditions  such 
as  (1)  channel  width  and  gradient,  (2)  whether  the  channel  is  gullied 
or  not,  (3)  size  of  the  bed  material,  and  type  and  density  of  vege- 
tative cover  on  the  channel  bed,  (4)  intermittent  gullies  in  the 
channel  system,  (5)  evidence  of  deposition  in  the  channels  and  the 
occurrence  of  alluvial  fans,  and  (6)  deposition  on  bottomlands 
where  flows  spread  either  naturally  or  because  of  manmade  impound- 
ments or  diversions  of  water. 


Source-area  sediment  yields 

Source-area  sediment  yields  on  the  Red  Rim  Study  Area,  while  rather 
variable,  are  generally  low  to  moderate  as  shown  on  plate  5  .   This 
is  attributed  to  the  soils  being  generally  permeable,  resulting  in 
low  rates  of  overland  flow.   Much  of  the  variation  in  source-area 
sediment  yields  can  be  attributed  to  difference  in  slope  steepness 
and  differences  in  amount  of  bare  soil  as  indicated  in  the  expla- 
nation on  plate  5  .   These  two  factors  are  probably  not  the  only 
ones  controlling  sediment  yields,  but  bare  soil,  especially,  is  an 
integrating  factor  that  accounts  for  soil  type,  amount  of  runoff 
or  run-in  water,  slope  orientation,  and  type  and  intensity  of  land 
use.   There  is  appreciable  range  in  values  for  bare  soil  and  slope 
within  each  source-area  sediment-yield  class  shown  on  plate  5  , 
but  the  mean  values  of  both  correlate  very  well  with  the  midpoint 
values  of  source-area  sediment  yields.   The  relationship  of  source- 
area  sediment  yield  to  mean  percent  bare  soil  had  a  correlation  co- 
efficient of  0.98  and  a  standard  error  of  estimate  of  0.1  acre-feet 
per  square  mile.   The  relationship  of  percent  slope  to  source-area 
sediment  yields  had  a  correlation  coefficient  of  0.91  and  a  standard 
error  of  estimate  of  0.2  acre-feet  per  square  mile. 
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Estimated  Annual  Sediment  Discharges  from  Drainage  Basins 


Basin 

Drainage 

area 

(mi2) 

Raw  gully 

density 

(mi/mi2) 

Weighted 

source-area 

sediment 

yield 

(acre-ft/mi  ) 

c  j •    t         Basin 
Sediment 

sediment 
conveyance 

discharge 
factor      ,        i  .?■> 
(acre-f  t/nii/) 

A 

0.35 

0 

.14-0.28 

.5 

07-. 14 

B 

.90 

.12 

.19-  .35 

.4 

08-. 14 

C 

.39 

.78 

.25-  .43 

.3 

07-. 13 

E 

.39 

2.73 

.29-  .49 

.3 

09-. 15 

F 

.04 

6.45 

.75-1.05 

.5 

38-. 53 

G 

.15 

.57 

.19-  .34 

.4 

08-. 14 

H 

.06 

0 

.15-  .30 

.6 

09-. 18 

I 

.37 

.35 

.3  -  .5 

.4 

12-. 20 

EXPLANATION 


Channel 
classif icat  ion 


Total 

length 

(mi) 


Drainage  density 
(mi/mi  ) 


-#— *- 


Raw  gullies 
Healed  gullies 
Untrenched 
Aggrading  and 
braided 

TOTAL 


9.33 
21.15 
16.35 

3.75 
50.58 


0.933 

2.115 
1.635 

.375 
5.058 


High  channel  density; 
or  small  gullies. 

Fan 

Headcut 

Dam 

Outlets  of  drainage  basins  for  which 
sediment  yield  estimates  were  made 
and  locations  where  channel  measure- 
ments were  made. 

Drainage  divides. 

Boundary  of  study  area. 

Boundary  of  mapped  area. 


usually  an  area  with  many  rills 


Percent  of 

total 

:hanne 

1 

len 

jth 

18 

5 

41 

8 

32 

3 

7 

4 

100 

0 

Base  from  U.S.  Geological  Survey 

Fillmore  Ranch  and  Riner 

7^-minute  quadrangles 


MAP  SHOWING  DRAINAGE  BASINS  AND  CHANNEL  CONDITIONS 
FOR  THE  RED  RIM  STUDY  AREA— WYOMING,  197  5 


PLATE   6 
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Channel  erosion  is  judged  to  be  a  relatively  minor  problem  on  the 
study  area  as  only  18.5  percent  of  the  primary  channel  system  con- 
sists of  raw  gullies  with  unvegetated  beds  (see  plate  6  ) .   The 
banks  of  most  of  these  gullies  are  stable  and,  therefore,  contribute 
very  little  sediment.   Several  of  the  headcuts  on  the  site  were  in- 
spected and  indications  were  that  rates  of  headward  advance  were 
less  than  10  feet  per  year.   Nearly  80  percent  of  the  primary  channel 
system  consists  of  healed  gullies,  untrenched  channels,  and  aggrading 
or  braided  channels,  all  of  which  are  channel  conditions  in  which 
sediment  deposition  can  occur  to  one  extent  or  another.   In  addition 
there  are  numerous  active  alluvial  fans  (see  plate  6  )  on  the  mapped 
area  where  sediment  is  being  deposited.   Because  of  the  sediment 
deposition  the  channel  conveyance  factors  are  significantly  less 
than  1.0  (see  table  on  plate  6  )  and  will  remain  that  way  until 
sometime  in  the  future  when  the  geomorphic  cycle  is  shifted  from 
its  present  depositional  phase  to  an  erosional  phase  in  which  much 
of  the  sediment  presently  being  deposited  will  be  eroded.   The  change 
in  phase  could  be  triggered  either  naturally,  such  as  by  climatic 
shift,  or  could  be  caused  by  man,  such  as  by  overgrazing  or  changes 
in  land  use. 


Basin-sediment  discharges 

The  estimated  sediment-discharge  rates  from  small  basins  on  and 
near  the  site  are  relatively  low,  as  indicated  in  the  table  on 
plate  6  .   This  is  largely  attributed  to  low  source-area  sediment 
yields  and  to  dominance  of  the  depositional  phase  of  the  geomorphic 
cycle,  with  respect  to  what  is  happening  both  in  channels  and  on  the 
slopes. 

Low  sediment-discharge  rates  are  also  indicated  by  the  small  amounts 
of  sediment  that  have  been  deposited  in  most  of  the  stock  water  ponds 
on  and  near  the  study  area.   Sediment  accumulation  was  measured  in 
two  of  the  ponds  as  is  indicated  in  table  16  .   The  accumulation  rates 
in  those  ponds  are  lower  than  the  sediment  discharges  estimated  for 
other  small  basins  in  the  study  area  shown  in  the  upper  table  on 
plate  6  .   One  reason  for  this  is  that  the  ponds  where  the  sediment 
was  measured  have  larger  drainage  areas  above  them  than  the  drainage 
areas  are  for  the  basins  where  sediment  discharges  were  estimated. 
In  semiarid  areas  such  as  this  it  is  normal  for  sediment  discharge 
per  unit  area  to  decrease  as  drainage  area  increases  because  of  lack 
of  complete  coverage  by  convective  storms  and  because  of  the  in- 
creasing number  of  places  where  conditions  are  favorable  for  sedi- 
ment deposition.   Also,  sediment  discharge  to  the  pond  in  section  17 
(table  16  )  is  lower  because  the  soils  in  that  basin  are  sandier  than 
they  are  on  the  other  basins. 
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Table  16. — Sediment  accumulation  measured  in  two 
stock  water  ponds  in  the  Red  Rim  area 

Drainage    Sediment       Sediment1 
Location  area       volume      accumulation 

(mi2)      (acre-ft)   (acre-f t/mi2/yr) 


T.  19  N.,  R.  90  W.  ,  SE*«  17    4.02        1.17  .02 

T.  19  N.,  R.  90  W.  ,  NE^  18    1.07         .82  .04 

*Age  of  these  ponds  was  unavailable.   Based  on  the  growth  rings 
of  sagebrush  growing  on  the  dams,  they  are  at  least  17-years  old, 
which  was  the  age  used  in  computing  the  values  shown. 


There  are  a  number  of  the  source  areas  on  the  study  area,  partic- 
ularly those  with  steep  slopes  and  high  sediment  yields,  that  only 
yield  a  small  part  of  their  sediment  to  the  main  channel  system. 
Much  of  the  sediment  derived  from  them  is  deposited  on  neighboring, 
downslope  source  areas,  which  are  less  steep  and  where  well-defined 
channels  end.   Only  a  small  part  of  that  sediment  is  eroded  from 
the  latter  source  area  and  transported  downstream  by  the  main  channel 
system.   The  0.9  to  1.2  and  the  0.3  to  0.5  acre-feet  per  square  mile 
source  areas  going  diagonal  across  to  the  right  of  the  center  of 
sec.  18,  T.  20  N. ,  R.  90  W.  are  an  excellent  example  of  the  occur- 
rence of  this  process  (see  plate  5  ) .   The  data  shown  in  the  explana- 
tion of  plate    indicate  that  sediment  discharges  from  basins  in- 
crease as  the  density  of  raw  gullies  increase.   Raw  gully  density 
is  usually  a  direct  index  of  sediment-transport  efficiency  and  a 
inverse  index  of  the  amount  of  deposition  occurring  in  a  basin. 


Effects  of  mining 

Without  reference  to  a  mining  plan  for  an  area  it  is  difficult  to 
assess  the  effects  of  mining  on  sediment  yield.   Nonetheless,  if 
the  area  is  mined,  an  elaborate  system  probably  will  be  needed  to 
control  erosion  and  minimize  the  increasing  of  sediment  loads  down- 
stream from  the  area.   The  reasons  that  an  elaborate  system  is 
needed  are  that  the  slopes  of  much  of  the  area  are  moderately  steep 
(see  explanation  table  of  plate  5  )  and  many  of  the  soils  of  the 
area  are  poorly  cohesive  and  thus  easily  eroded  when  not  well  pro- 
tected by  vegetative  cover. 
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Close-spaced  contour  furrowing  (Branson,  Miller,  and  McQueen,  1966) 
or  gouger  pitting  (Sindelar,  et  al.,  1974)  would  reduce  erosion  and 
foster  establishment  of  vegetation  on  areas  that  are  steeper  than 
about  10  percent  regardless  of  the  soil  type  and  on  all  areas  topped 
with  fine-textured  material  regardless  of  slope. 

A  drainage  network  should  be  constructed  when  the  overburden  is  re- 
shaped.  The  valleys  should  be  sufficiently  wide  so  that  flows  will 
be  shallow  and  thus  less  erosive.   During  mining  there  likely  will 
be  a  need  for  some  temporary  detention  reservoirs  to  trap  sediment 
from  the  outer  slopes  of  the  spoils  areas  and  from  some  of  the 
larger  haul  roads  which  could  generate  significant  runoff  during 
large  storms. 

Prolonged  discharges  of  water  to  tributaries  of  Seperation  Creek 
from  detention  reservoirs  or  from  dewatering  of  mine  pits  are  likely 
to  cause  an  increase  in  channel  erosion  by  gully  widening  and  head- 
cutting  in  untrenched  channels.   The  reason  for  this  is  that  the 
normally  dry  alluvium  becomes  less  cohesive  when  saturated  by  pro- 
longed flows  and  thus  more  erodible  when  natural  flows  occur. 
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Hydrologic  Classification  of  Land  Types 
Using  Rainfall  Simulation 

Two  predominant  land  types  that  comprise  most  of  the  surface  were 
identified  within  the  Red  Rim  study  area.   These  were  designated 
hydrologic  classes  A  and  B  and  simulation  runs  were  made  on  each 
class  in  early  June  1976  to  determine  their  hydrologic  charac- 
teristics.  These  baseline  data  will  be  the  basis  for  comparison 
with  future  changes  which  might  result  from  surface  mining. 
Several  other  land  types  occur  within  the  study  area.   These  were 
lumped  together  and  designated  hydrologic  class  C.   Due  to  the 
limited  areal  extent  of  class  C,  no  simulation  runs  were  made. 

The  extent  of  each  land  type  was  determined  from  aerial  photographs 
and  is  shown  on  plate  7  .   Locations  where  simulation  runs  were 
made  were  designated  4  and  5  and  are  also  shown  on  plate 
Responses  similar  to  that  obtained  from  the  applied  rainfall  could 
be  expected  from  areas  of  the  same  hydrologic  class  as  shown  on 
plate  7  .   The  simulation  sites  were  chosen  to  be  representative 
of  the  soil,  vegetation  and  relief  within  each  hydrologic  class. 
Data  obtained  at  the  sites  are  shown  in  table  17  and  photographs 
of  the  sites  are  shown  in  figure  16. 

Methods  used  to  obtain  the  data  from  each  simulation  site  listed 
in  table  17  are  as  follows: 

1.  Runoff — Measured  in  a  Parshall  flume  with  1-inch  throat. 
Readings  of  stage  made  at  1-minute  intervals  and  converted  to  dis- 
charge in  cubic  feet  per  second.   From  these  data  a  runoff  hydro- 
graph  was  constructed  and  total  volume  of  runoff  was  computed  and 
expressed  in  inches  per  unit  area.   From  these  data  an  infiltration 
rate  curve  was  also  constructed  by  subtracting  the  runoff  from  the 
rainfall  applied  for  each  1-minute  interval  and  expressed  as  the 
infiltration  rate  in  inches  per  hour. 

2.  Precipitation — Measured  in  a  network  of  rain  gages  within  the 
study  area.   Rainfall  for  the  total  area  was  computed  using  the 
Thiessen  Polygon  method. 

3.  Sediment  yield — Water  samples  were  obtained  from  the  outflow 

at  3-minute  intervals  and  were  analyzed  for  sediment  concentration. 
The  sediment  concentrations  were  plotted  and  a  concentration  curve 
was  drawn  between  points.   From  this  curve  a  concentration  was 
obtained  for  each  minute  to  compute  the  sediment  load.   Total  sedi- 
ment load  is  expressed  in  pounds  and  in  tons  per  square  mile. 

A.   Area — Obtained  from  a  topographic  survey  of  the  site.   Expressed 
in  square  feet. 


108 


^^^-^r^vT^I 

$o"  7*\vT*i»  '-'1 

U  rJjL^  ^Vr-K.  >  <  >  <  >d  r  ^•■.•v^vrg 

tcTV      i»*   v    J    _  v  ,<^^       #*fi"^<  /  'Ss 

U>  •( '  ^\i  ^\,'-  >  .CsL   ^-^  A'      xv1^ 

VC'-A  v   ,xLLiii~iTLi      ri>"*^<<     ""  *■  W  '  \ 

ti'--./5LrJ    *^-r  ~  1  -^  ►jv"_iv'1  '  ^  -4  t  '1 

^SH^'i^W^^  *'■"  >4  '    '  r  iii 

£ 

T  _i\.  Sk^T^^'-'"/-'-."-"-:.'-''.''--.'-'-a7  g       tcT    a  *Av     /^;^\ 

— 

™          < 

w 

\X                 vv      ^Ki*   "f  tS 

.   ii    ~V 

OS 

^^cr^T^^^  %  \ 

< 
> 

l/V^jtaaA-''''                                                  T      *   F» 

Q 

8                 id 

V. '■'•  V'. "■  'V'  '••.'■'■  v.  r-  v      IT  ''     i       l        S                            1 1  >              1 

< 

V   *    cjdP\ 

V^%V^  JsSh 

i- 

T. 

w 

V<%/^A 

J- 

z 

s 
o 

V'-V- ■'.'■'.•'"  V 

7  >  *  s.vA 

- 

Hg*j 

"-—""j  A  ? 

Q 

on 

a 
pa 

\»r\           :    1  4   i  '       t        <   jV/TVl  *<  "SI    ^<          t3 

OS 

w 

H 

It"*          <V t      ^*-v        >^         <t-»    I"-.        \.     fl     J;     ^     CT 

1    t     **     ^    »     A    ::::Vj      K   ,     ^       v       ^    ^  ^  .   "1  ''"■'  ' -fci                     t0 

O 

o\a< 

"a 

z 

o 

K^S^iijJv^"^                      ^s 

- 

< 

a   «                        i    •- 

XJ    r-l     CO                                   -H    .C 

o  ^    3                          cj    u    to 

c_> 

r               ct, 
°I           « 

co        co                       o   to  -h 

n         3 

to   u   a-                 en   (u  x 

V'v, '  Z-jtzs^t*^"  ■  *^C  'v  >*^  frJ  '  \  %                      ^— — ^^SZr  *  ■•  >r  A 

CJ 

•  -  <d         cu                   co         j-j 

co 

VvVi/?5««-&^-V*'v  *    >    r  ■>  r-  ^   \  %              ^-r-r^r^  j  ^s«v«- a  ■»  \ 

8  n 

-O     £X    CO     CD                            CO    4-1 

0) 

r  i 

CO               3    O  f-H   +-»                      .    o    c 

CO                     1-1    r— i    -H     (0                             CO            -rH                                c 

4J 
■H 

o 

to             si    co    o                        co    cu                           o 

to 

C-rfv^S.-'-' •  •••■•^^  X  ••■.^.••^^i-S-- —           X^-vNi*,    v  a    j     _    >  A  ^T::::::^3^<  \ 

Q 

z 

rn              co         to    E                   to    u   u 

jSAb^'^WAi/i-iii*^                    Wvi^sl-i"  oL  -.  >  «    v-./wi"^  >\ 

o 

o 

u                             o                   u    c    c                     cu 

i-i 

V/x^\       J^                           Wf V^v ■:?!5,\'v  » > «  , V?* <   v^TT*. 

H 

ri      C      «      C, 

00   to    to 

13 

CO 

rt^^Nt  '  L^i~~-^ "^                                                 rv      4'^v.  ;.>Jv'i.       .      ,  iCi'^1 

02 
1                        Q 

i-H     O     CO    C4-< 

i    -a    c 

to 

< 

■H 

to   -H    C 

■a   d  -H 

E 

OJ 

*•*                                                                    \:«;\.      A/h>i-  vv'SlrT*  >'t     '>    y-.-l    - 

(H 

z 

00 

e  to  tu  c« 

-t     "* 

o    3   e 

-a 

V^-v--'?\    v  r  v  .M^v-^S^'^ v  r  t  ■-  CA 

< 

o 

CO     O    T3    t+-l 

O    J2     O 

o 

CO 

a) 

V'-'.   '.'•'.*.  ■V.S*^-.  A             .—J*"'.'.  •'.'-/Hk1        >    V_     •»   u  r    1 

ij 

r-i 

<r 

u        o 

>G0t 

3     10    T3 

c 

e 

Viii- •''■'' v'--'w\V  "  ^^•'■•'•••••••■•'•^Tv  r-i.       <•  -.     A 

Cu 

O 

T3     tU     ■»    C 

.  ,  • 

0)            CU 

3 

yt>        k>v  >  r^rv     O^^^vC*-  r\ 

X 

M 

C         a,  3 

CO    tu    M 

u 

CO 

W 

ID 

tO     CO     CD     M 

«H     tt 

c 

3 

4-J     CD 

CD   X 

c 

X                     CO    -H     4-»     CU                             V-.     (X3      tl>                                O 

U 

CO    JD     tO    rH                             00  -H     ^4                               -H 

^ — " — '                           y-'''.  "*  *,  i.v*       '^\_   v A  u    *•    i^1  .'V'V'-v'- •'•'.'■'.•V  l\ 

tO    -H            J2                             1       l-i     O                                4J     CO 

c 

m  £   >.  iu                  jntoe                      toco 

M    C    H     1<                             C0>                                       H     IU 

0 

\   ■•*    •>  'viiw'v'vv' W-'-\     ^*i>.'-'-  •'iiiw.'-v'-v'.  '\ 

■HUH)                             DC                                 3H 

aj  en 

•a           -H    "O                          ti^o                              E     o 

to 

C     Vj     to    *H     CO                    -Q     C    -H     CO                       -H 

rH    XI 

co    cu  cw    to    co              at    o    to    to                 toco 

3      C 

F^' *^»--f^^r.  '     .i,1  -*".'.■•'  ■\ji^\  **  fc   '     j^. '■':':           ':* 

r-H>                3      tU                          00-HOtO                                       -H 

e  to 

Q-OOO^i                 to    4-1    l-i   i— I                     OX 

•H 

P     CJ     4-1     U     to                    CO     CO     u     o                       Z     4J 

cn  <r 

f3;  ^^^  v^;^^*-3 

PZ.^T£"   7 

109 


Figure  16  . — Red  Rim  simulation  sites.   Upper  photograph  is 
site  4  and  lower  photograph  is  site  5. 
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Table  17. — Data   obtained   from  simulation   sites   at    Red    Rim  study  area 


Variable 


Site 

4  4  5  5 

Dry  Wet  Dry  Wet 


Date  7-01-76  7-02-76  7-04-76  7-04-76 

Area    (sq.    ft.)  2,835  2,835  2,526  2,526 

Weighted  mean   slope 

(percent)  7.7  7.7  6.9  6.9 

Antecedent  moisture 

(percent)  5.1  12.0  4.7  18.1 

Clay    (percent)  25.4  25.4  22.6  22.6 

Root   concentration 

(g/100   g)  .490  .490  .710  .710 

Bare  soil   and   rock 

(percent)  30.8  30.8  33.0  33.0 

Precipitation 
(inches) 

Runoff   (inches) 

Sediment  yield 

pounds 

tons  per  sq.  mi. 

Reconstructed  runoff 

(inches)  .13  .50  .27         .86 


.42 

1.59 

1.53 

1.42 

.09 

.54 

.32 

.78 

1.32 

10.24 

29.17 

81.79 

6.5 

50.3 

161 

451 
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5.  Weighted  mean  slope — Obtained  by  measuring  the  area  between 
contours  and  weighting  the  slope  of  that  area  according  to  the 
percentage  the  area  is  of  the  whole. 

6.  Antecedent  moisture — Obtained  from  gravimetric  samples  of  the 
top  10  centimeters  of  soil.   Samples  are  usually  taken  at  four 
locations  within  the  site  and  averaged  for  the  final  result. 
Expressed  as  percentage  by  weight.   Two  runs  are  normally  made  at 
each  site.   The  first  is  made  in  a  dry  condition  and  again  after 
water  in  the  soil  has  come  to  a  gravimetric  equilibrium.   Soil 
moisture  samples  are  taken  before  each  run. 

7.  Clay — Obtained  from  soil  samples  taken  from  the  top  10  centi- 
meters of  soil  at  numerous  locations  within  the  site.   Samples  are 
analyzed  for  percentage  by  weight  of  material  less  than  0.002  mil- 
limeters in  diameter. 

8.  Root  concentration — The  amount  of  fibrous  root  material  in  the 
top  10  centimeters  of  soil.   Expressed  in  grams  per  100  grams  of 
soil. 

9.  Bare  soil  and  rock — Obtained  from  three  20-foot  transects 
within  each  site  using  a  point  frame  and  the  first  contact  point 
method.   Pins  lowered  to  the  vegetation  or  ground  surface  at  2-inch 
intervals  are  recorded  at  first  encountering  of  aerial  vegetation, 
mulch,  bare  soil  or  rock.   Expressed  as  hits  per  100  pins  or  per- 
cent cover. 

10.  Reconstructed  runoff — Rainfall  applied  normally  varies  some- 
what about  the  standard  of  1.5  inches  in  45  minutes.   In  order  to 
compare  runoff  results  on  a  standard  basis,  a  runoff  hydrograph 
is  reconstructed  by  determining  the  runoff  that  would  result  from 
subtracting  the  infiltrated  water  determined  during  the  simulation 
event  from  the  water  applied  during  a  standard  storm  of  1.5  inches 
in  45  minutes  for  each  minute  increment. 


Chemical  Analyses 

Samples  of  the  outflow  from  each  site  were  obtained  at  3-minute 
intervals  for  chemical  analyses.   These  samples  were  composited 
in  sequential  groups  so  that  three  or  four  samples  were  obtained 
for  the  entire  runoff  period.   An  analysis  was  made  on  each  com- 
posite sample  for  the  items  listed  in  table  18.   An  analysis  of 
the  water  applied  is  used  as  a  standard,  and  other  values  listed 
are  either  an  increase  (+)  or  decrease  (-)  of  these  values  in  the 
runoff  water. 
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Precipitation 

A  frequency  of  recurrence  of  maximum  daily  precipitation  during 
the  months  April  through  October  at  Rawlings,  Wyoming,  is  shown 
on  figure  I  7 .   Rawlins  is  the  nearest  long-term  weather  station 
to  the  study  area.   From  this  curve  the  following  data  on  the 
magnitude  of  storms  of  various  recurrence  interval  were  obtained. 
These  data  give  a  general  idea  of  storms  at  the  study  area. 

Recurrence  Interval  (years)      Precipitation  (inches) 

2.33  0.73 

10  1.18 

25  1.38 

50  1.64 


Simulation  Sites  and  Hydrologic  Classes 

A  description  of  each  simulation  site  and  of  each  hydrologic  class 
follows.   A  list  of  precipitation  events  of  different  recurrence 
intervals  and  duration  that  were  obtained  from  Weather  Bureau 
Technical  Paper  40  are  also  shown  for  each  site.   The  volume  of 
runoff  that  might  be  expected  from  each  of  these  events  was  com- 
puted using  infiltration  rates  obtained  from  the  dry-condition 
simulation  events. 


Hydrologic  Class  A 

This  class  consists  of  upland  grass  and  small  shrub-type  vege- 
tation.  Slopes  range  from  almost  flat  to  fairly  steep.   A 
relatively  good  sod  cover  is  present  on  much  of  the  area  and  this 
inhibits  erosion,  but  soils  are  dense  and  produce  sizeable  amounts 
of  runoff,  especially  on  the  steeper  areas.   The  following  data 
were  obtained  from  the  simulation  site,  designated  site  4. 

Weighted  mean  slope  =   7.7  percent 
Clay  =  25.4  percent 

Bare  soil  and  rock  =  30.8  percent 
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Figure  17  . — Recurrence  of  maximum  yearly  24  hour  rainfall 
(Apr-Oct)  at  Rawlins,  Wyo. 
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Expected  runoff,  in  inches,  from  storms  of  designated  recurrence 

interval,  in  years  (RI) ,  duration,  in  minutes  (D) ,  magnitude, 

in  inches  (M) ,  and  antecedent  moisture,  in  percent  (AM) 

RI/D/M  AM  =  5. 1  AM=12.0 


2/30/0.50  0  0 

10/30/0.80  0  .12 

25/30/1.00  .03  .26 

50/30/1.15  .08  .38 

2/60/0.55  0  0 

10/60/1.00  0  0 

25/60/1.25  0  .11 

50/60/1.40  0  .22 


Hydrologic  Class  B 

This  class  consists  of  sagebrush-greasewood-grass  association. 
The  relative  abundance  of  each  of  these  species  within  the  stand 
varies  considerably  over  the  study  area.   In  areas  where  grease- 
wood  is  abundant,  such  as  at  the  simulation  site,  a  large  increase 
in  dissolved  solids  in  the  runoff  water  can  be  expected.   In  most 
areas  a  sparse  understory  of  grass  tends  to  make  erosion  more 
predominant  than  in  class  A.   The  following  data  were  obtained 
from  the  simulation  site,  designated  site  5. 

Weighted  mean  slope  =   6.9  percent 
Clay  =  22.6  percent 

Bare  soil  and  rock  =  33.0  percent 

Expected  runoff,  in  inches,  from  storms  of  designated  recurrence 

interval,  in  years  (RI) ,  duration,  in  minutes  (D) ,  magnitude, 

in  inches  (M) ,  and  antecedent  moisture,  in  percent  (AM) 

RI/D/M  AM  =  4.7  AM  =  18.  1 


2/30/0.50                0  0.09 

10/20/0.80                0  .35 

25/30/1.00  .11  .54 

50/30/1.15  .23  .70 

2/60/0.55                0  0 

10/60/1.00                0  .28 

25/60/1.25                0  .50 

50/60/1.40                0  .64 
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Runoff,  Infiltration  Rates  and  Sediment  Concentration 

The  curves  for  runoff,  sediment  concentration,  and  infiltration 
rates  for  the  simulation  sites  are  shown  in  figures  18  through  2 1 
The  horizontal  part  of  the  infiltration  curve  indicates  that  the 
actual  infiltration  rate  exceeded  the  rainfall  rate.  Water  dis- 
charge is  in  cubic  feet  per  second  and  sediment  concentration  in 
milligrams  per  liter. 
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Figure  18. — Infiltration  curves  for  Red  Rim  site  A, 
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Figure  19. — Hydrographs   and   sediment    concentration 
curves    for   Red   Rim  site   4. 
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Figure  20. — Infiltration  curves  for  Red  Rim  site  5. 
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Figure  2  I  . — Hydrographs   and   sediment   concentration 
curves    for   Red   Rim  site   5. 
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RED  RIM  EMRIA  REPORT 

Study  Site  Hydrology  and  Water  Supply 

The  study  of  hydrology  of  the  Red  Rim  study  area  was  directed 
toward:   1)  Defining  important  hydrologic  variables  in  and  near  the 
study  site;  2)  determining  the  relation  of  hydrology  to  other  aspects  of 
the  environment,  including  erosion  and  sedimentation,  the  biologic 
community,  and  land  use;  and  3)  determining,  with  the  aid  of  the  above 
relations,  reactions  of  the  environment  to  various  schemes  of  mining  and 
rehabilitation. 

Surface  Waters 

Streamf low 

The  Red  Rim  study  area  is  located  in  the  Great  Divide  Basin  and  is 
drained  by  Separation  Creek  and  its  tributaries.   Figure  22  shows  the 
location  of  the  study  site  with  respect  to  the  Separation  Creek  drainage. 
Also  shown  on  the  figure  are  the  locations  of  sites  where  streamflow  and 
water-quality  measurements  were  obtained  during  1975  and  1976.   Separation 
Creek  has  perennial  flow  upstream  from  about  site  S-20  but  is  intermittent 
downstream  from  that  site. 

Figure  23  is  a  hydrograph  of  Separation  Creek  at  streamflow  station 
09216527  (site  S-29)  for  the  1976  water  year.   Annual  runoff  for  the 
1976  water  year  was  2,040  acre-feet  at  the  above  station.   Based  on 
channel  and  basin  features  (Lowham,  1976)  ,  estimates  of  long-term  flow 
characteristics  at  streamflow  station  09216527  are: 

2-year  peak  flow  =  39  cubic  feet  per  second; 

5-year  peak  flow  =  100  cubic  feet  per  second; 
10-year  peak  flow  =  170  cubic  feet  per  second; 
25-year  peak  flow  =  290  cubic  feet  per  second; 
50-year  peak  flow  =  420  cubic  feet  per  second; 
Average  annual  runoff  =  1,500  acre-feet  per  year. 

The  major  part  of  annual  runoff  occurs  during  spring  and  early 
summer  as  a  result  of  snowmelt.   The  headwaters  area  upstream  from  about 
site  20c  contributes  the  major  part  of  the  stream's  runoff  as  greater 
snowpack  occurs  at  higher  elevations,  especially  above  7,000  feet. 
Runoff  is  highly  dependent  on  precipitation,  and  precipitation  is  highly 
variable  as  is  shown  by  figure  24.    Photo  16  is  a  photograph  of  Separation 
Creek  at  streamflow  station  09216527  (site  S-29),  and   photo  17  is  a 
photograph  of  the  headwaters  area  above  site  S-6. 

The  main  use  of  surface  waters  in  and  near  the  study  site  is  for 
consumption  by  livestock  and  wildlife.   Several  small  stockponds  have 
been  constructed  on  Separation  Creek  to  supplement  late  summer  and  fall 
water  supplies.   Water  from  Separation  Creek  is  used  for  irrigation  of 
hay  fields  near  site  S-41. 
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Figure2Z—  Location  of  Red  Rim  study  site  in  relation  to  Separation  Creek. 
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Figure  23  .  —  Daily  discharge   at  station  09216527,  Separation  Creek 
near  Riner,  Wyoming  (1976  water  year). 
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Figure  24    —Long-term  variation  in  annual  precipitation  —  average   of  data 
from  Rock  Springs  FAA   AP   and    Seminoe  Dam  weather 
stations. 
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Separation  Creek  at  streamflow  station  09216527 
(site  S-29) .   Photograph  taken  during  March 
1976.   View  is  looking  upstream  (south). 
Note  light  snow  cover. 

Photo  16 
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Ala 


Separation  Creek  above  site  S-6.   Photograph  taken 
during  March  1976.   View  is  looking  upstream 
(northeast) .   Note  heavier  snow  cover  than 
shown  in  photo  16  of  downstream  site. 

Photo  17 
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Chemical  quality 

Samples  of  water  from  Separation  Creek  and  its  tributaries  were 
analyzed  for  salinity,  trace  metals,  and  radiochemicals.   Results  of  the 
chemical  analyses  are  listed  inApp.E,  tables  El  and  E2 .  A  chemical-quality 
monitor  was  operated  at  station  09216527  (site  29  )  for  continuous 
observation  of  specific  conductance  and  temperature  of  flows  during  the 
1976  water  year.   Figure  25  shows  daily  discharge,  specific  conductance, 
dissolved-solids  concentration,  and  water  temperature  at  the  site.   The 
relation  of  dissolved  solids  to  specific  conductance  for  the  stream  is 
shown  in  figure 26. 

Specific  conductance  (or  dissolved-solids  concentration)  is  inversely 
related  to  magnitude  of  discharge  as  shown  in  figure  27.   The  first 
snowmelt  runoff  in  early  spring  is  low  in  dissolved  solids  because  the 
flow  is  over  frozen  ground  and  ice,  and  has  little  contact  with  the 
soil.   As  temperatures  become  warmer,  the  ground  thaws,  ice  in  the 
channel  melts,  and  the  snowmelt  comes  into  contact  with  weathered  and 
decayed  material  and  salts  that  have  accumulated  during  the  previous 
fall  and  winter.   After  the  basin  surface  and  channel  have  been  flushed 
by  these  flows,  the  dissolved-solids  concentration  of  the  water  decreases 
as  is  shown  in  figure 27. 

Areal  and  temporal  variations  in  the  water  quality  of  Separation 
Creek  were  observed  by  sampling  at  the  sites  shown  on  figure  22 during 
March,  May,  July,  and  September.    Percent  ionic  composition  and  dissolved- 
solids  concentration  are  shown  in  figures  2  8  and  29.   Pie  diagrams  in 
the  figures  show  there  was  a  general  downstream  increase  in  the  sodium 
percentage  with  an  associated  decrease  in  the  calcium  percentage.   For 
the  anions,  the  sulfate  ion  increases  at  the  expense  of  the  bicarbonate 
ion.   This  change  in  the  percent  ionic  composition  as  well  as  a  rapid 
increase  in  the  dissolved-solids  concentration  takes  place  in  the  reach 
of  Separation  Creek  upstream  from  site  S-14.   Little  change  in  either 
the  type  of  water  or  the  salt  concentration  takes  place  in  the  reach 
between  sites  S-14  and  S-25.   Figure  30  shows  specific  conductance, 
discharge,  pH,  and  dissolved  oxygen  plotted  against  stream  length  for 
the  March,  May,  July,  and  September  sampling  runs. 

The  trace-metal  analyses  showed  no  unusually  high  concentrations  of 
dissolved  trace  metals.   Total  iron  and  total  aluminum  are  very  high  (up 
to  42,000  micrograms  per  liter  iron  and  26,000  micrograms  per  liter 
aluminum) .   These  high  values  are  caused  by  the  suspended  material  and 
have  no  real  significance,  other  than  noting  their  lack  of  relationship 
to  the  iron  and  aluminum  in  the  dissolved  phase. 

Water  from  Separation  Creek  is  being  successfully  used  for  irrigation 
of  native  hay  near  site  S-41.   The  water  has  a  low  sodium  hazard  with  a 
moderate  to  high  salinity  hazard.   Despite  the  salinity  hazard,  it  could 
be  used  to  irrigate  during  revegetation  if  salt-tolerant  plants  were 
selected  and  if  it  were  used  for  only  a  short  period  of  time. 
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Figure  25  .  —  Daily  discharge,  specific  conductance,  dissolved-solids 
concentration,  and  water  temperature  at  streamflow 
station  09216527  Separation  Creek  near  Riner, 
Wyoming    ( 1976  water  year ). 
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Figure  26    . —  Relation  of  dissolved-solids  concentration  to  specific 
conductance  for  Separation  Creek  at  stations 
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Figure  27  .  — Relotion  of  specific  conductance  to  discharge  for 
Separation  Creek  at  station  09216527. 
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Figure28.  —  Ionic  composition  and  dissolved-solids  concentration  for 
Separation   Creek  on  March  29,  1976. 
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Figure  29.  — Ionic  composition  and  dissolved-solids  concentration  for 
Separation  Creek  on  May  12  and  13,  1976. 
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Figure  30     —Measurements  of  specific  conductance,  discharge,  pH,  one 
dissolved  oxygen  versus  stream  length  for  Separation 
Creek,  Wyoming. 
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Temperature 

The  physical,  chemical,  and  biological  properties  of  water  are  closely 
related  to  temperature  as  it  affects  sediment  transport,  rates  of  chemical 
reactions,  and  biological  processes.   Figure  25  shows  observations  of 
daily  mean  water  temperatures  for  the  1976  water  year  at  station  09216527 
(site  S-29) .   A  regional  analysis  of  stream-temperature  characteristics 
was  made  for  streams  in  the  Green  River  and  Great  Divide  Basins  using  a 
harmonic  curve-fitting  procedure  (H.  W.  Lowham,  written  commun.,  1976). 
It  has  been  shown  (Ward,  J.  C.,  1963;  and  Steele,  T.  D.,  1974)  that  the 
following  harmonic  equation  closely  fits  the  annual  variation  of  water 
temperature  at  a  given  site  in  a  stream: 

T  (t)  =  A[sin(0.0172t  +  C) ]  +  M 

where  T  (t)  =  stream  temperature  in  degrees  Celsius  on  day  t  of  the  water 
year  (October  1  is  t  =  1) , 

A  =  amplitude  of  the  harmonic,  in  degrees  Celsius, 

t  =  number  of  days  since  October  1, 

C  =  phase  angle  of  the  harmonic,  in  radians, 

M  =  mean  of  the  harmonic,  in  degrees  Celsius. 


Figure  31  shows  a  harmonic  model  of  mean  daily  water  temperatures 
for  Separation  Creek  in  the  vicinity  of  the  Red  Rim  study  site.   The 
graph  shows  a  comparison  of  observed  daily  mean  water  temperatures  at 
station  09216527  (site  S-29)  with  the  expected  water  temperature  as 
predicted  by  the  harmonic  model. 

Except  for  short  distances  downstream  from  significant  ground-water 
inflow,  water  temperature  is  closely  related  to  surrounding  meteorologic 
conditions.   These  conditions  change  with  elevation;  thus,  water  tempera- 
ture does  likewise.   Figure  32  shows  the  relation  of  the  harmonic  mean 
of  annual  water  temperature  versus  elevation  for  streams  in  the  Green 
River  and  Great  Divide  Basins  of  Wyoming.   The  relation  shows  that  the 
decrease  in  elevation  of  Separation  Creek  from  8,445  feet  at  the  Continental 
Divide  to  6,395  feet  at  Separation  Lake  would  be  accompanied  by  an 
increase  in  mean  water  temperature  in  the  downstream  direction. 

Sediment 

Sediment  is  an  important  factor  of  water  quality  in  the  study  area. 
Sediment  concentration  can  affect  the  use  of  water  and  design  of  structures. 
Sediment  also  affects  turbidity,  which  is  important  to  aesthetic  value 
and  certain  biological  relations. App.E  table £3  lists  results  of  sediment 
and  turbidity  data  gathered  during  the  study  period.    Figure  3  3  shows 
daily  discharge,  suspended-sediment  concentration,  and  suspended-sediment 
load  at  streamflow  station  09216527  Separation  Creek  near  Riner,  Wyoming 
for  the  1976  water  year. 
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Figure  31    .  —  Harmonic  model  of  water  temperature  for  Separation  Creek 
in  the  vicinity  of  the  Red  Rim  study  site. 
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Figure  32  .  —  Relation  of  harmonic  mean  of  annual  water  temperature 
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09216527  Separation  Creek  near  Riner,  Wyoming 
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Natural  factors  affecting  sediment  concentrations  derived  from  the 
study  area  include  rate,  location,  and  quantity  of  snowmelt,  channel 
slope,  soil  type,  drainage  density,  vegetal  cover,  and  rainfall  rate  and 
duration.   Man-made  factors  affecting  sediment  yield  are  stock  reservoirs 
on  tributaries  to  the  main  channel  and  on  the  main  channel  itself.   The 
density  of  domestic  stock  grazing  in  the  area  also  affects  sediment 
yields  as  the  vegetal  cover  is  affected. 

Figures  34  to  37  show  sediment  concentration  and  load  in  relation 
to  discharge  at  station  09216525  and  09216527  (sites  S-25  and  S-29) . 
Comparison  of  the  relations  shows  that  sediment  concentrations  and  loads 
are  about  the  same  at  the  two  sites.   There  is  an  insignificant  amount 
of  sediment  picked  up  or  deposited  in  the  reach  of  channel  between  the 
two  sites. 

Samples  were  also  analyzed  for  percent  of  material  coarser  than  62 
microns.   These  analyses  showed  the  greater  amount  of  material  in 
transport  to  be  finer  than  62  microns.   Sediment  of  this  fine-size  class 
is  transported  as  wash  load,  even  at  low  velocities  and  will  be  deposited 
only  in  impoundments  or  in  flood  plains  when  overbank  flows  recede. 

Measurement  of  turbidity  was  also  made  on  samples  collected  at  the 
time  of  sediment  samples.   Turbidity  values  are  listed  in  table  E3,  app.E  and 
range  from  50  Jackson  Turbidity  Units  to  550  Jackson  Turbidity  Units  at 
station  09216525  and  from  20  Jackson  Turbidity  Units  to  760  Jackson 
Turbidity  Units  at  station  09216527.   The  high  values  of  turbidity  are 
due  to  the  fine  nature  of  sediment  in  transport. 

During  the  period  of  data  collection,  very  little  sediment  was 
produced  from  the  headwaters  to  about  site  S-20a.   An  increase  in  sediment 
concentration  was  noted  for  a  short  distance  downstream  from  this 
point.   The  channel  itself  is  not  a  major  sediment  contributor  but  acts 
as  a  conveyor.   Sediment  material  is  primarily  fine  material  carried  in 
suspension  and  deposited  in  impoundments  constructed  across  the  main 
channel . 

Channel  characteristics 

The  physical  characteristics  of  a  stream  channel  are  highly  related 
to  its  flow  and  sediment  discharge.   Many  aspects  of  the  environment, 
such  as  aquatic  biology,  are  in  turn  dependent  upon  the  physical  character- 
istics of  the  stream  channel.   Thus,  a  change  in  the  flow  regime  or 
sediment  discharge  will  result  in  changes  to  the  physical  characteristics 
of  the  channel,  which  can  in  turn  affect  certain  aspects  of  plant  and 
animal  life. 

The  characteristics  of  a  stream  channel  are  related  in  part  to  the 
hydraulic  properties  of  its  flow.   Figure  38  shows  relations  of  width, 
mean  depth,  and  mean  velocity  as  functions  of  discharge  for  the  stream 
channel  near  station  09216527  (site  S-29) .   The  relations  show  that 
width,  depth,  and  velocity  of  the  stream  increase  as  discharge  increases. 
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Figure  34  .  —  Relation  of  suspended-sediment  concentration 
to  water  discharge  at  station  09216525 
Separation  Creek  at  upper  station  near 
Riner,  Wyoming  (1976  water  year). 
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Figure  35   .  —  Relation  of  suspended -sediment  load  to  water 
discharge  at  station  09216525  Separation 
Creek  at  upper  station  near  Riner,  Wyoming 
(1976  water  year ). 
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Figure  36    .  —  Relation  of  suspended-sediment  concentration 
to  water  discharge  at  station  09216527 
Separation  Creek  near  Riner,  Wyoming 
(1976   water  year ). 
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Figure  37   .  —  Relation  of  suspended-sediment  load  to  water 
discharge  at  station  09216527  Separation 
Creek  near  Riner,  Wyoming  (1976  water 
year ). 
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Figure  38  .  —  Changes  of  width,  mean  depth,  and  mean  velocity  with 
discharge  at  a  channel  cross  section,  station 
09216527  Separation  Creek  near  Riner, 
Wyoming. 
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Figure  39  is  a  graph  showing  streambed  elevation  and  drainage  area  in 
relation  to  downstream  distance  of  Separation  Creek.   The  total  length  of 
the  stream  is  about  82  miles,  and  it  has  an  elevation  drop  of  about  2,050 
feet  in  that  distance.   The  major  portion  of  annual  runoff  originates  from 
the  hilly  area  above  an  elevation  of  about  7,000  feet. 

Figure  39  shows  important  increments  of  drainage  area  added  at  each 
point  where  a  tributary  joins  the  main  stem  of  Separation  Creek.   Important 
increments  of  drainage  area  contribute  directly  to  the  main  channel,  and 
the  largest  increment  is  contributed  by  the  inclusion  of  the  Fillmore 
Creek  drainage.   As  the  graph  shows,  the  abrupt  inclusion  of  this  large 
drainage  area  and  thus  the  addition  of  significant  flow  does  not  abruptly 
influence  the  general  profile  of  the  main-stem  stream.   Figure  40  is  a 
logarithmic  plot  of  the  streambed  profile.   The  logarithmic  plot  shows 
that  except  for  a  few  local  inequities,  the  streambed  can  be  mathematically 
described  by  a  log-linear  relation. 

Additional  physical  characteristics  of  the  streams  are  shown  in 
figures  41  and  42.   Figure  41  shows  the  relation  of  drainage  area  to 
stream  order  for  Separation  Creek  and  its  tributaries  in  the  general 
area  of  the  study  site.   Stream  order  is  defined  as  the  position  of  a 
stream  in  a  channel  network.   First-order  streams  are  unbranched  fingertip 
tributaries;  second-order  streams  receive  tributaries  of  the  first  order 
only;  third  order  streams  receive  one  or  more  tributaries  of  the  second 
order  but  may  also  receive  first-order  streams,  and  so  on.   Maps  of 
l:24,000-scale  were  used  to  determine  stream  order,  stream  length,  and 
drainage  area. 

Figure  42  shows  the  relation  of  stream  length  to  drainage  area  for 
Separation  Creek  and  its  tributaries  in  the  general  area  of  the  study 
site. 

Figures  39  to  42  show  that  the  physical  properties  of  stream 
:hannels  in  and  near  the  study  area  can  be  quantitatively  expressed  and 
related  to  other  basin  features.   Review  of  the  relations  shows  the 
drainage  of  Separation  Creek  to  be  in  a  state  of  equilibrium.   The  slope 
and  channel  characteristics  of  the  stream  have  adjusted  to  provide,  with 
the  available  discharge,  just  the  velocity  required  for  the  transportation 
of  the  load  supplied  from  the  drainage  basin. 

Aquatic  biology 

Separation  Creek  is  similar  to  many  plains  streams  in  Wyoming  in  that 
its  headwaters  are  spring  fed  and  perennial  while  the  lower  reaches  are 
intermittent.   This  division  plays  an  important  role  in  the  character , of  the 
aquatic  biological  community.   The  community  in  the  lower  reaches,  downstream 
from  site  S-20,  is  limited  to  organisms  which  can  produce  a  resting  spore 
stage  (akinete)  as  do  some  blue-green  algae,  or  are  able  to  hibernate  by 
burrowing  deep  into  the  banks  and  bottom  mud  as  do  adult  predaceous  diving 
beetles  and  dragon  fly  nymphs.   The  rest  of  the  community  in  the  lower 
reaches  are  washed  in  from  the  headwaters  during  high-flow  periods .  App.  E  ,tabl e  E4 
lists  phytoplankton  and  periphyton  genera  found  in  Separation  Creek  and 
tableE5  lists  benthic  invertebrates  found  in  Separation  Creek. 
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Figure  39   .  —  Stream  elevation  and  drainage  area  as  a  function  of 
downstream  distance,  Separation  Creek,  Wyoming. 
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Separation  Creek,  Wyoming. 
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Figure  42    .  —  Relation  of  stream  length  to  drainage  area,  Separation 
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The  water  in  the  perennial  reach  upstream  from  about  site  S-20  is 
characteristically  cooler,  less  tub id,  carries  less  suspended  sediments, 
and  is  rich  in  organic  debris  due  to  numerous  beaver  ponds.   The  type  of 
organisms  present  reflect  the  same  characteristics  for  their  life 
requirements.   Some  of  the  dominant  algal  genera  present  are  the  green 
algae,  Spirogyra  and  Ulothrix,  the  diatoms,  Synedra  and  Fragilaria,  and 
a  euglenoid,  Tribonema.   All  of  these  organisms  prefer  cold,  clear,  hard 
water  with  a  pH  between  7.0  and  8.5,  and  high  concentrations  of  dissolved 
oxygen.  Spirogyra  has  a  definite  preference  for  spring  areas  as  do  many 
diatoms.  Fragilaria  has  a  high  tolerance  for  organic  matter  while  the 
green  algae,  Chlamydomonas,  acts  upon  organic  debris  to  release  organic 
nutrients  which  in  turn  can  be  utilized  by  other  organisms  present. 
Some  of  the  organisms,  primarily  Tribonema,  are  more  prominent  in  faster 
currents,  which  are  believed  to  aid  in  the  uptake  of  phosphates,  and  are 
limited  by  slower  moving,  warmer  water.   Figure  43  shows  the  relative 
abundance  of  phytoplankton  genera  in  the  waters  of  Separation  Creek. 

Dominant  benthic  invertebrates  of  the  stream  include  Sphaeriidae 
(fingernail  clams),  Baetidae  (May  flies),  Gammaridae  (scuds),  Glossiphoniida 
(leeches) ,  Physidae  (pouch  snails) ,  Limnephilidae  (caddis  flies) ,  and 
Hydracarina  (water  mites).   Like  the  algae,  they  prefer  hard,  alkaline 
water  that  is  cool,  clean  and  has  a  high  oxygen  concentration.   The  main 
food  stuff,  except  for  Hydracarina,  which  is  parasitic  upon  other  insects, 
is  a  mixture  of  decaying  small  mineral  particles  and  algal  cells.   The 
family  Baetidae  is  classified  as  a  "sprawler"  or  an  organism  especially 
evolved  for  walking  on  organic  debris  rather  than  attaching  itself  to 
the  undersides  of  rocks  as  do  many  May  fly  larva.   The  May  fly  is  restricted 
to  moving  water  due  to  its  respiratory  requirements  and  feeding  habits. 

Separation  Creek  downstream  from  about  site  S-20  is  characteristically 
warmer,  more  turbid,  has  higher  sediment  concentrations,  and  is  intermittent 
During  the  high-flow  period,  the  dominant  organisms  are  drift  organisms, 
washed  in  from  the  upper,  more  productive  reaches.   Of  importance  is  the 
decrease  or  disappearance  of  these  organisms  and  the  development  of  a 
different  community  which  is  more  tolerant  of  the  low-flow  conditions. 
Blue  green  algae,  such  as  Oscillatoria  and  Lyngbya  develop  first,  probably 
because  of  their  preference  for  temperatures  that  are  cooler  than  most 
blue  greens  require.   The  pioneer  general  of  green  algae,  Ankistrodesmus, 
is  found  early  in  the  year  along  with  the  diatoms,  Gomphonema  and  Epithemia. 
As  the  water  level  decreases  and  the  temperature  increases,  these  organisms 
give  way  to  those  which  are  more  tolerant  to  high  concentrations  of 
dissolved  solids  such  as  Scenedesmus,  Carteria  and  Cosmarium  (green 
algae),  Amphiprora  (a  diatom  with  a  particularly  high  salt  tolerance), 
Anacystis  and  Anabaena  (blue  greens  which  flourish  in  such  conditions) . 
As  the  stream  stops  flowing  and  temporary  pools  form,  the  algae  disappear 
due  to  a  lack  of  available  nitrogen,  except  for  Anabaena  which  is  capable 
of  incorporating  atmospheric  nitrogen  into  cell  protein.   Anabaena 
eventually  replaces  the  other  algae  and  forms  a  pure  collection.   Beyond 
this  point  in  time,  dissolved  oxygen  decreases  rapidly  due  to  decomposition 
of  algal  cells.   A  toxin  (hydroxylamine)  may  form  from  decomposing  blue- 
green  proteins  and,  without  some  inflow,  the  pool  will  dry  up. 
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Figure43   .  —  Relative  abundance  of  phytoplankton  in  the  waters  of 
Separation  Creek,  May  12  and  13,  1976. 
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Benthic  invertebrates  that  are  native  to  the  final  pools  and  not 
dependent  on  being  washed  in  during  high  flow  are  Dytiscidae  (predaceous 
diving  beetles) ,  Agrionidae  (dragon  flies) ,  and  Corixidae  (water  boatman) . 
These  organisms  may  be  present  throughout  the  stream  but  due  to  their 
ability  to  hibernate  deep  in  the  stream  mud,  they  may  survive  dry  spells, 
to  emerge  again  in  the  spring.   In  addition  to  the  organisms  listed  as 
dominant  in  the  upper  reach,  which  are  carried  into  the  lower  reach 
during  the  high  flow,  organisms  such  as  Culicidae  (mosquitoes  and  phantom 
midges) ,  Gerridae  (water  striders) ,  and  Perlodidae  (stone  flies)  may 
flourish  in  quiet  pools.   As  the  pools  disappear  in  mid  to  late  summer, 
so  also  do  the  benthics.   Some  organisms  will  lay  their  eggs  on  the 
available  substrates,  others  will  emerge  as  adults  and  fly  upstream  to 
lay  their  eggs  in  perennial  pools  and  others,  as  noted  above,  will 
burrow  into  the  bottom  or  banks  of  the  pool.   Some  will  survive  until 
the  next  wet  period  and  some  will  not  be  able  to  prevent  desiccation. 

Algal  Growth  Potential  (AGP)  was  sampled  twice  during  1976  to  help 
define  the  biologic  relationships  in  Separation  Creek.   AGP  is  dependent 
upon  the  availability  of  dissolved  nutrients  to  the  test  organism  (Shoaf 
and  Lium,  1976).   As  nutrients  become  available,  the  AGP  increases. 
However,  when  an  active  community  of  phytoplankton  and  periphyton  is 
present,  the  available  nutrients  will  be  utilized,  taken  out  of  solution, 
and  AGP  will  decrease.   Where  dissolved  nutrients  are  limiting,  both  AGP 
and  algal  populations  will  decrease.   Figure  44  shows  the  observations  of 
Algal  Growth  Potential  in  the  waters  of  Separation  Creek. 

The  following  general  statements  summarize  the  aquatic  biology  of 
Separation  Creek: 

1.  A  greater  diversity  of  habitat  in  a  locality  results  in  a 
greater  diversity  of  organisms. 

2.  Great  fluctuations  from  the  normal  conditions  result  in  a 
small  diversity  of  organisms  and  an  increase  in  numbers  of 
the  organisms  present. 

3.  The  longer  a  locality  is  stable,  the  richer  and  more  stable 
the  community  becomes. 

Separation  Creek,  particularly  in  the  lower  reaches,  does  not  have 
a  diverse  habitat  for  aquatic  organisms  and  any  given  locality  is  never 
stable  enough  to  develop  a  rich  community  structure.   This  instability 
and  continual  change  in  the  chemical  and  physical  character  of  the 
stream  results  in  a  low  diversity  of  organisms  and  an  increase  in  the 
number  of  those  present  until  the  habitat  disappears. 

The  above  system  could  be  altered  through  development  primarily  by 
increasing  or  decreasing  the  amount  of  surface  flow  in  Separation  Creek. 
An  increase  in  flow  could  increase  the  diversity  and  stability  of  the 
aquatic  community  while  a  decrease  in  flow  could  decrease  the  diversity 
and  stability  to  a  level  below  the  present  condition. 
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Figure  44  .  —  Observations  of  Algal  Growth  Potential  for 
waters  in  Separation  Creek. 
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Ground  Water 

Availability  and  distribution 

The  Fort  Union  Formation  underlies  the  entire  Red  Rim  EMRIA  site. 
The  formation  consists  largely  of  lenses  of  sandstone,  siltstone,  shale, 
and  coal.   Most  of  the  lenses  pinch  out  within  one  mile  but  the  basal 
sandstone,  more  than  500  feet  thick,  persists  over  a  distance  of  more 
than  12  miles.   This  cliff-forming  sandstone,  stained  red  by  iron  salts, 
forms  the  Red  Rim  for  which  the  site  is  named. 

Two  wells  pumped  by  windmills  and  used  for  watering  livestock  are 
in  the  sections  designated  in  the  EMRIA  site.   Of  these,  one  in  Section 
34  of  Township  20  North,  Range  90  West  is  300  feet  deep  and  the  other, 
in  Section  8  of  Township  19  North,  Range  90  West  is  110  feet  deep.   Of 
10  exploratory  holes  drilled  by  the  Bureau  of  Reclamation,  one  in 
Section  18  of  Township  19  North,  Range  90  West  and  190  feet  deep,  found 
water  and  was  cased  as  an  observation  well.   Figure  45  shows  the  location 
of  these  and  other  wells  and  the  potentiometric  surface  of  water  in  the 
Fort  Union  Formation. 

The  potentiometric  surface  shown  in  figure  45  is  a  composite 
surface  as  each  lenticular  bed  in  the  Fort  Union,  except  for  the  basal 
sandstone,  is  so  discontinuous  that  it  is  doubtful  that  any  two  wells 
penetrate  the  same  beds.   The  map  indicates  that  the  Red  Rim  is  a 
recharge  area  and  that  ground  water  flows  from  it  to  Separation  Creek 
or  northwestward  into  the  Great  Divide  Basin  to  discharge  by  inter- 
formational  leakage. 

Downstream  from  about  site  S-20,  Separation  Creek  is  an  intermittent 
stream — it  flows  in  some  reaches  during  dry  weather  though  it  is  dry 
upstream  and  downstream.   The  flow  during  dry  weather  is  largely  transmitted 
as  underflow  through  the  alluvium.   Where  the  alluvium  is  constricted  so 
that  its  cross-sectional  area  is  reduced,  water  appears  on  the  surface 
and  the  stream  flows.   If  the  cross-sectional  area  increases  downstream, 
the  flow  may  again  infiltrate  the  streambed  into  the  alluvium  and  the 
stream  is  dry.   The  length  of  the  flowing  reaches  increases  after 
killing  frosts  in  the  fall  kill  phreatophytic  vegetation  and  thus 
reduces  transpiration  of  ground  water  from  the  alluvium.   Figure  46  shows 
the  area  underlain  by  alluvium  of  Separation  Creek  near  the  Red  Rim  site 
as  mapped  by  Sanders  (1974) .   Five  holes  were  augered  to  determine  the 
thickness  and  character  of  the  alluvium  and  to  permit  measurement  of  the 
water  level  in  the  alluvium  and  sampling  of  the  water.   Water  levels 
measured  in  these  auger  holes  provided  the  basis  for  the  potentiometric 
contours  shown  in  figure  46.   The  results  of  water  sampling  from  the 
alluvium  are  also  shown  in  the  figure  and  will  be  discussed  later. 
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Figure  47  is  a  geologic  section  drawn  to  show  the  relation  of  the 
ground  water  to  the  coal  in  the  Fort  Union  Formation.   In  the  upland 
parts  of  the  area,  the  water  is  deep  enough  that  little  dewatering  would 
be  needed  at  the  200-foot  depth  that  has  been  proposed  as  an  economic 
depth  limit  for  surface  mining.   Near  Separation  Creek,  however,  a  depth 
of  200  feet  would  require  considerable  dewatering  not  only  from  the 
saturated  Fort  Union  Beds  but  from  induced  recharge  from  Separation 
Creek  and  its  alluvium. 

Figure  48  is  a  distance-drawdown  graph  that  can  be  used  to  estimate 
the  effect  of  given  amounts  of  withdrawal  in  dewatering  the  Fort  Union. 

Because  of  the  discontinuity  of  beds  in  the  Fort  Union  and  the 
presence  of  major  boundaries  to  ground-water  flow,  such  as  the  edge  of 
the  formation  and  Separation  Creek,  figure  48'  should  be  considered  as  a 
rough  estimate.   Aquifer  tests  at  specific  sites  under  consideration  for 
mining  would  be  needed  for  accurate  determination  of  pumping  rates 
needed  for  dewatering. 

The  transmissivity  of  150  feet  squared  per  day  used  in  preparing 
figure  48  was  estimated  from  the  specific  capacity  (0.7  gallons  per 
minute  per  foot  of  drawdown)  of  a  well  in  Section  8  of  Township  19 
North,  Range  90  West,  using  diagrams  in  Walton  (1962,  p.  12-13).   A 
"slug"  test  conducted  on  a  test  hole  in  Section  18  of  the  same  township 
yielded  an  estimated  transmissivity  of  44  feet  squared  per  day.   The 
test  hole  is  open  to  20  feet  of  coal  and  shale  while  the  well  is  open  to 
45  feet  of  sandstone.   Hydraulic  conductivity  of  the  coal  and  shale  is 
about  2.2  feet  per  day  and  that  of  the  sandstone  is  about  3.3  feet  per 
day. 

The  highest  recorded  yield  from  the  Fort  Union  Formation  in  the 
vicinity  of  the  Red  Rim  is  325  gallons  per  minute  with  a  drawdown  of 
150  feet  from  a  well  3,800  feet  deep  drilled  as  an  industrial-supply 
well  about  7  miles  west  of  the  Red  Rim  site.   The  specific  capacity  of 
this  well  is  about  2.2  gallons  per  minute  per  foot  of  drawdown,  and 
transmissivity  estimated  from  specific  capacity  is  about  540  feet  squared 
per  day.   This  well  seemingly  penetrates  the  basal  sandstone  of  the  Fort 
Union  which  underlies  the  major  coal  beds  and  thus  will  not  be  dewatered . 
The  basal  sandstone  could  be  an  important  source  of  water  for  mining  or 
reclamation  purposes.   The  drawdown  effects  of  pumping  from  an  aquifer 
with  this  transmissivity  and  an  assumed  storage  coefficient  of  1X10-^ 
are  shown  in  figure  49. 

Quality  of  ground  water 

Six  wells  that  tap  water  from  the  Fort  Union  Formation  were  sampled 
as  part  of  this  study.   One  spring  producing  from  the  Mesa  Verde  Formation 
at  its  contact  with  the  overlying  Lewis  Shale  was  also  sampled.   Results 
of  the  analyses  are  listed  in  tables  E6-E8,  appendix  E,  and  are  represented 
by  pie  diagrams  in  figure  50. 
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—  Water  quality  of  wells  tapping  the  Fort  Union  Formation  and 
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In  addition  to  the  major  elements  represented  in  the  pie  diagrams, 
analyses  included  many  minor  elements  and  radiological  chemistry  of  some 
wells.   No  toxic  levels  were  noted  in  any  of  the  analyses.   Iron  is 
commonly  present  in  water  from  the  Fort  Union  in  amounts  sufficient  to 
cause  objectionable  staining  and  taste  if  the  water  is  used  for  domestic 
purposes . 

Sulfate  concentrations  in  most  sampled  wells  are  high  enough  to 
have  a  cathartic  effect  on  humans,  and  some  are  high  enough  to  cause 
scours  in  livestock. 

Despite  these  limitations,  the  water  is  generally  satisfactory  for 
livestock  watering — its  main  present  use. 

One  auger  hole  provided  a  sample  from  the  base  of  the  alluvium  of 
Separation  Creek.   Two  samples  from  intermittent  flowing  reaches  of 
Separation  Creek  were  collected  to  represent  shallow  water  in  the 
alluvium.   The  analyses  are  represented  by  pie  diagrams  in  figure  46. 
The  water  from  the  auger  hole  has  a  dissolved-solids  concentration  of 
more  than  10,000  milligrams.   Epsom  salt  (magnesium  sulfate)  is  a  major 
proportion  of  the  dissolved  solids,  and  the  water  is  unsuitable  for  most 
uses.   Sulfates  also  comprise  much  of  the  dissolved  solids  in  the  two 
shallow  samples.   The  water  could  be  cathartic  to  livestock. 

The  use  of  ground  water  for  irrigation  as  a  means  of  reclaiming 
mined  lands  may  be  contemplated.   The  samples  analyzed  present  a  low  to 
medium  sodium  hazard  but  a  high  to  very  high  salinity  hazard  if  used  for 
irrigation.   They  should  be  used  only  on  well-drained  soil  on  salt- 
tolerant  crops. 

Effects  of  mining  on  area  hydrology 

Surface  water 

Because  the  major  part  of  annual  runoff  originates  above  7,000  feet 
elevation,  mining  of  the  Red  Rim  study  area  would  have  little  effect  on 
the  quantity  of  runoff  for  Separation  Creek.   Relatively  little  runoff 
occurs  from  the  Red  Rim  study  site  (fig. 22) .   Changes  in  flow  character- 
istics of  Separation  Creek  due  to  surface  mining  of  intervening  drainage 
between  S-25  and  S-39  would  be  insignificant  with  the  following  exception. 
If  dewatering  is  necessary  to  the  extent  that  production  water  has  to  be 
pumped  to  the  channel,  base  flow  of  the  stream  would  be  increased  from 
its  present  value  of  zero  cubic  feet  per  second. 

Because  little  runoff  occurs  from  the  study  site,  mining  would  cause 
insignificant  changes  to  water  quality  in  Separation  Creek  with  the 
following  exceptions: 

1.   Local  sediment  concentrations  and  loads  much  higher  than  those 
shown  in  figures  34-37  would  occur  in  Separation  Creek  during 
periods  of  runoff  from  the  study  site.   This  increase  would 
continue  until  a  vegetal  cover  is  restored. 
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2.  Rechanneling  of  the  stream  to  allow  mining  would  have  the 

most  significant  effect  on  water  quality,  as  it  would  take 
a  number  of  years  before  the  overall  channel  would  stabilize. 
During  this  period,  sediment  concentrations  and  turbidity 
would  be  increased . 

3.  If  production  waters  were  pumped  into  the  channel,  sediment 

and  dissolved-solids  loads  would  be  increased.   Pumping  of 
more  than  about  0.5  cubic  foot  per  second  to  the  channel 
should  be  discouraged. 

Re-establishment  of  disrupted  or  destroyed  channels  and  drainage 
systems  should  be  made  with  consideration  of  the  physical  relations 
shown  in  figures  39-42.   Figure  40  shows  the  streambed  of  Separation 
Creek  upstream  and  downstream  from  the  study  site  would  be  affected  by 
rechanneling.   If  rechanneling  is  necessary,  the  stream  should  be 
re-established  after  mining  to  a  distance  and  slope  conforming  with  those 
shown  in  figures  39  and  40 .   Figures  41  and  42  should  be  used  as  guides 
for  layout  of  drainages  for  reclaimed  areas.   For  example,  figure  41  shows 
that  for  an  area  of  about  2  square  miles  a  drainage  pattern  with  a  second- 
order  stream  would  be  required.   Figure  42  shows  that  for  a  drainage  area 
of  2  square  miles,  at  least  3.2  miles  of  stream  channel  would  have  to 
be  constructed  to  simulate  a  natural  channel  network. 

Ground  water 

If  mining  is  carried  out  below  the  potentiometric  surface  of  water 
in  the  Fort  Union  Formation,  dewatering  of  the  mines  will  be  necessary. 
The  amount  of  pumping  needed  for  a  given  depth  of  dewatering  can  be 
roughly  estimated  by  use  of  figure  48  despite  the  limitations  imposed 
by  the  complexity  of  the  aquifer.  An  actual  engineering  design  would 
require  aquifer  testing  at  the  specific  places  to  be  dewatered.   Discharge 
of  water  will  lower  water  levels  in  other  wells  and  their  potential 
yields — the  extent  depending  on  the  locations  of  the  wells  and  the 
discharge  points  and  the  hydraulic  characteristics  of  the  part  of  the 
aquifer  dewatered. 

Mining  near  or  beneath  the  valley  floor  of  Separation  Creek  will 
necessitate  dewatering  and  may  result  in  recharging  the  Fort  Union  Formation 
with  water  from  the  alluvium.   This  water  is  inferior  for  most  uses  to 
that  in  the  Fort  Union  and  will  degrade  that  in  the  Fort  Union  if  it  is 
not  completely  pumped  out.   If  it  is  pumped  out  of  dewatering  wells  or 
sumps,  it  will  pose  more  of  a  disposal  problem  than  will  the  better  water 
from  the  Fort  Union ^  j 

As  mined -out  pits  are  backfilled  with  spoil,  the  hydraulic  characteri- 
stics will  be  markedly  altered.  At  first,  as  loose  material  is  placed 
in  the  pit,  porosity  and  permeability  (especially  vertical  permeability) 
will  increase  over  that  of  the  original  consolidated  material.   The 
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material  may  occupy  a  volume  as  much  as  25  percent  greater  than  its 
original  value  (Hadley  and  Keefer,  1975).   This  "swell  factor"  is 
additional  porosity  over  the  original.   As  the  spoil  compacts  with  time, 
this  porosity  and  permeability  is  gradually  reduced.   The  spoil  is  a 
heterogeneous  and  chaotic  mixture  similar  to  glacial  till  except  that 
the  method  of  emplacement  may  induce  a  rough  stratification  as  well  as 
affect  compaction.   Dragline-emplaced  spoils  in  the  Powder  River  Basin 
had  permeability  as  much  as  100  times  as  great  as  spoils  emplaced  by 
scrapers  and  bulldozers  (Rahn,  1976,  p.  28-29).   Most  of  this  difference 
is  probably  caused  by  the  compaction  by  the  machinery  but  dragline 
emplacement  can  also  induce  a  rough  stratification  with  coarse  rubble 
(chaotically  oriented)  at  the  base  of  the  spoils.   As  compaction  proceeds 
hydraulic  characteristics  will  probably  approach  those  of  till  formed  of 
similar  materials  (siltstone,  sandstone,  and  shale). 

As  recharge  water  percolates  through  spoil,  it  will  come  into 
intimate  contact  with  relatively  impermeable  material  through  which 
little  water  has  previously  infiltrated.   Because  this  material  has  been 
so  slightly  leached,  it  may  be  rich  in  leachable  material,  and  this  will 
be  introduced  into  the  recharging  water.   Additional  study  is  needed  to 
ascertain  the  effects  of  percolation  through  spoil.   In  the  Powder  River 
Basin  (Rahn,  1976,  p.  40)  water  from  spoils  was  found  to  contain  signifi- 
cantly greater  concentrations  of  hardness,  calcium,  magnesium,  sulfate, 
and  dissolved  solids  than  native  ground  water.   The  specific  conductance 
of  1:5  extracts  from  fragmented  core  samples  (appendix  C,  p . C6 -Cll )  ranged 
from  40  to  2,380  micromhos. 

Recommendations  for  additional  study  needs 

Results  of  study  at  the  Red  Rim  site  will  have  transfer  value  to 
other  areas  of  southwestern  Wyoming  that  contain  strippable  coal  in  the 
Fort  Union  Formation.   The  hydrologic  study  was  based  on  a  short  period 
of  data  collection.   Longer-term  definition  of  the  hydrologic  relations 
should  be  made.  Additional  study  would  be  directed  toward:   1)  Long- 
term  records  for  description  of  the  water  resources  and  hydrologic 
processes  that  presently  exist;  2)  refinement  of  predictive  models  that 
can  be  used  to  describe  future  conditions,  including  reactions  to 
mining;  3)  refinement  of  models  to  allow  transfer  or  hydrologic  infor- 
mation to  other  areas;  and  4)  documenting  changes  due  to  mining  of  the 
area. 

Although  the  overall  hydrology  of  the  area  was  determined  in  this 
study,  future  efforts  should  be  directed  toward  better  definition  of  the 
"microhydrology"  of  small  drainages.   A  model  of  the  total  water  budget 
should  be  developed  for  small  drainage  basins. 
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RECOMMENDATIONS  FOR  RECLAMATION  OF  SURFACE-MINED  AREAS 

Legal  Requirements  of  Mine-Land  Reclamation 

Federal  -  Attempts  have  been  made  during  the  last  two  sessions  of 
Congress  to  enact  a  strip  mining  bill  which  provides  for  reclamation 
of  all  lands  disturbed  during  mining  operations.  Both  of  these 
attempts  failed  in  enactment  of  a  law  because  of  Presidential  veto. 

In  the  absence  of  a  Federal  strip  mining  law,  the  United  States 
Department  of  the  Interior  designed  and  published  in  the  Federal 
Register,  regulations  designed  to  open  up  Federal  coal  lands  to 
surface  mining  under  stringent  controls  to  protect  the  environment. 
These  new  standards  went  into  effect  on  May  17,  1976,  and  meet  the 
President's  goal  to  insure  that  only  those  Federal  coal  lands  that 
can  be  mined  in  an  environmentally  sound  manner,  are  mined.  The 
new  regulations  were  endorsed  by  both  the  Environmental  Protection 
Agency  and  the  Council  on  Environmental  Quality.  Performance 
standards  for  mine  operators  include  the  requirement  to  restore  the 
approximate  original  countour  of  mined  land,  establish  vegetation  at 
least  equal  in  density  and  performance  to  the  original  vegetation, 
and  protect  against  hazards  to  public  health,  safety  and  offsite 
damage.  Exploration,  mining  and  reclamation  may  take  place  only 
after  a  plan  has  been  approved,  and  a  performance  bond  must  be 
submitted  and  maintained  at  all  times  to  cover  the  cost  of  all 
remaining  reclamation. 

The  Bureau  of  Land  Management  will  administer  coal  leasing,  permits, 
and  licensing,  and  Geological  Survey  will  have  authority  over  coal 
exploration,  mining,  and  reclamation. 

State  of  Wyoming  -  In  1973,  a  new  law  was  passed,  entitled  the  Wyoming 
Environmental  Quality  Act  of  1973.  It  is  designed  to  regulate  land 
development  and  control  the  pollution  of  air,  water,  and  land  within 
the  State.  The  1973  act  pertains  to  all  types  of  underground  mining 
as  well  as  surface  mining.  Some  of  the  important  features  with  regard 
to  reclamation  are: 

1.  It  repeals  the  1969  act. 

2.  It  establishes  a  nine-man  board  to  administer  the  act  in  place 
of  the  Land  Commissioner.  This  board  is  appointed  by  the  Governor. 

3.  It  requires  issuance  of  licenses  and  permits  and  sets  provisions 
for  denial  of  permits. 

4.  It  requires  advertisement  of  mining  permit  applications,  and 
provides  for  filing  objections  to  the  application  and  public  hearings. 

5.  It  requires  land  disturbed  by  mining  to  be  returned  to  a  use  of 
equal  or  greater  value  than  its  prior  use. 
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6.  It  requires  a  mining  plan  showing  the  nature  and  extent  of  the 
mineral  resources,  the  land  to  be  mined,  and  a  description  of  mining 
operations  with  a  time  schedule. 

7.  It  requires  a  reclamation  plan  prior  to  issuance  of  a  mining 
permit.  This  plan  must  include: 

A.  Cost  estimates  for  reclamation. 

B.  Maps  showing  extent  of  reclamation,  which  must  be  periodically 
updated. 

C.  Methods  of  regrading  and  recontouring  the  affected  land. 

D.  Methods  of  stockpiling,  preserving,  and  returning  the  topsoil. 

E.  Methods  and  plants  used  for  revegetation. 

8.  It  requires  the  prevention  of  water  pollution  from  mine  spoils. 

9.  It  sets  time  limits  on  reclamation  and  can  raise  the  surety 
bonding  requirements. 

Local  -  To  the  best  of  our  knowledge,  no  local  strip  mining  laws 
have  been  enacted  or  are  now  being  enforced. 

Objectives  of  Reclamation 

The  lands  which  overlie  the  coal  seams  of  the  Red  Rim  area  are 
rangelands  that  have  in  the  past  been  considered  to  be  of  low 
economic  value  for  livestock  and  wildlife  grazing.  In  order  to 
strip  mine  the  coal  resources,  it  is  necessary  to  remove  the  topsoil 
and  overburden  materials  and  to  replace  these  materials  after  removal 
of  the  coal,  in  a  manner  to  return  the  land  to  the  land  uses  similar 
to  those  prior  to  mining.  These  uses  were  livestock  and  wildlife 
grazing,  wildlife  propagation,  watershed  management,  and  limited 
recreation  activities. 

In  order  to  return  these  lands  to  a  desirable  form  and  land  uses 
similar  to  those  uses  prior  to  mining,  it  is  necessary  to  know  what 
the  lands  are  like  prior  to  strip  mining  with  special  emphasis  on 
the  soils,  vegetation,  water,  and  animal  resources.  The  preceding 
information  provided  in  this  report  fulfills  this  need. 

Reclamation  of  mine  spoils  must  also  recognize  that  the  basic  ecology 
of  the  area  is  drastically  changed  from  its  original  state  prior  to 
mining.  Mine  spoils  are,  in  reality,  new  and  unique  ecosystems  in 
regard  to  their  attributes  and  ecological  processes,  and  must  be 
throughly  understood  and  evaluated  before  recommendations  are  made 
for  the  reclamation  of  the  mined  land.  An  area  that  has  been 
disturbed  by  surface  mining  seldom  reaches  the  same  ecological 
equilibrium  that  existed  prior  to  the  disturbance.  This  is  especially 
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true  when  major  alterations  of  soil,  topography,  and  living  organisms 
will  be  made  during  the  disturbance  such  as  will  be  made  in  the  removal 
of  coal  in  the  Red  Rim  area.  Strip  mining,  is  a  drastic  environmental 
change.  Successful  reclamation  can  be  accomplished  only  when  thorough 
analysis  planning  is  completed  prior  to  the  actual  mining.  Factors 
being  considered  in  this  study  include  evaluation  of  the  overburden 
material  and  how  it  must  be  shaped  and  treated  in  order  to  support 
desirable  plant  life,  prevent  soil  erosion  both  by  wind  and  water, 
prevent  water  pollution  (either  ground  or  surface  waters)  and  maintain 
or  enhance  the  aesthetic  values. 

Alternative  Plans  for  Reclamation 

Selection  of  Materials  to  be  Placed  on  Surface  as  Planting  Media  - 
Reference  to  sections  "Land  Suitability"  and  "Overburden  Suitability" 
indicates  materials  of  choice  which  can  be  utilized  as  planting 
media.  It  can  be  said,  as  a  general  rule,  that  existing  surface 
soils  are  to  be  preferred  as  a  source  of  topping  (or  revegetation) 
material  since  they  are  usually  suitable  within  the  area,  and 
generally  represent  medium-textured  materials  with  favorable 
physical  condition,  permeability  and  water  holding  capacity. 
Referral  to  the  above-cited  sections  will  additionally  reveal  a 
considerable  quantity  of  suitable  overburden  materials  is  also 
present.  Quantities  of  suitable  materials  to  be  placed  on  the 
surface  are  adequate  within  the  area. 

Handling  and  Placement  of  Soil  and  Overburden  Material  -  The  primary 
concern  in  these  operations  on  the  Red  Rim  area  will  likely  be  in 
methods  to  be  employed  in  utilizing  as  much  suitable  topsoil  material 
as  possible  along  with  techniques  of  separating  suitable  overburden 
materials  and  proper  disposal  or  placement  of  toxic  ones. 

Suitable  surface  soils  will  be  removed  and  stockpiled  and  there 
will  be  sufficient  suitable  material  for  revegetation  purposes  on 
this  site. 

Unsuitable  materials  (saline,  soidic,  acidic)  should  be  identified 
through  more  detailed  specific  studies  during  mining  operations. 
Wherever  possible,  these  materials  should  be  placed  at  a  depth 
greater  than  5  to  10  feet  below  the  reconstructed  surface. 

Probable  resulting  soil  profile  -  Detailed  reconstructed  soil 

profiles  will  not  be  attempted  for  this  report.  Suffice  to  say, 

the  above  procedures  should  result  in  at  least  2  to  3  feet  of 

medium  to  moderately  coarse-textured  soil  material  of  good  permeability, 

moderate  water  holding  capacity,  nonsaline,  and  nonsodic  for  use  as 

a  plant  growth  media. 

Placement  and  Isolation  of  Toxic  Materials  -  Wherever  toxic  materials 
are  encountered,  care  should  be  exercised  to  assure  disposal  in  such 
a  way  and  at  such  depth  and  in  such  a  manner  to  assure  that  these 
materials  will  not  come  in  contact  with  the  root  zone  of  reestablished 
vegetation  or  pollute  ground  waters.  It  would  be  advisable  to  dispose 
of  these  materials  at  depths  below  15  feet  from  the  reformed  surface. 
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Shaping  of  surface  -  Final  determination  of  shaping  of  the  surface 
following  mining  operations  will  likely  be  a  mutual  decision  reached 
by  BLM  and  the  mining  company.  Determination  of  aesthetics  is 
subjective  at  best,  and  the  most  desirable  form  and  function  of  the 
land  will  likely  evolve  with  time  as  mining  operations  progress. 
However,  the  following  generalizations  can  be  made  at  this  time. 

Effective  shaping  of  spoils  to  some  preconceived  design  is  essential 
to  these  lands  so  that  they  blend  and  harmonize  with  the  adjacent 
undisturbed  topography  and  land  form,  both  for  aesthetic  purposes 
and  to  assure  a  minimization  of  drainage  problems.  In  general,  it 
is  recommended  for  the  study  area  that  the  spoil  piles  be  placed  back 
in  the  pit  and  graded  to  a  rolling  type  of  topography  with  slopes 
of  4:1  or  less.  To  facilitate  reestablishment  of  vegetation, 
topographic  plans  for  the  area  should  maximize  north  and  east  facing 
slopes,  since  south  and  west  facing  slopes  are  drouthier  and  hotter, 
thus  making  them  more  difficult  to  revegetate.  Drainageways  should  be 
provided  in  the  topographic  design  of  the  areas  and  grades  should  be 
flat  enough  to  prevent  gullying  and  excessive  channel  erosion.  Final 
grading  should  insure  that  no  flat  areas  are  created  which  will  pond 
water  unless  temporary  ponding  is  a  part  of  the  total  erosion  control 
program  for  the  area. 

Postmining  Operations  or  Procedures  for 
Satisfactory  Reclamation  of  Surface  Mined  Area 

Characterization  of  Surface  Material  and  Evaluation  for  Revegetation  - 
Characterization  of  the  replaced  topsoil  on  the  shaped  spoils  should 
be  an  initial  step  in  the  revegetation  process.  Procedures  used  in 
the  land  classification  survey  can  be  followed.  This  will  provide 
soil  data  for  making  fertilizer  recommendations,  selection  of  plant 
species,  proper  surface  manipulation,  seeding  methods,  and  postseeding 
management. 

Selection  of  Species  for  Seeding  -  Based  upon  the  vegetation  study 
made  of  this  site,  as  shown  in  detail  earlier  in  the  report,  the 
following  mixture  of  grasses,  legumes,  and  shrubs  are  suitable  for 
use  in  revegetating  areas  disturbed  by  strip  mining  and  should  be 
seeded  at  the  rate  shown  as  follows: 

Seeding  Rate  Per  Acre 
Grasses,  Legumes  (Pounds) 

Western  wheatgrass  (Agropyron  smithii)  5 

Indian  ricegrass  (Oryzopsis  hymenoides)  4 

Thicks  pike  wheatgrass  (Agropyron  dasytachyum)  4 

Needle-and-thread  (Stipa  Comata)  "  3 

Sand  Dropseed  (Sporobolus  cryptandrus)  1 

Yellow  sweetclover  (Mel i lotus  officinalis)  2 

Rye  (Nurse  crop)  (Secale  cereale)  60 
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Seeding  Rate  Per  Acre 
Shrubs  (Pounds) 

Big  sagebrush  (Artemsia  tridentata)  1 

Winterfat  (Eurotia  lanata)  6 

Nuttall  saltbush  (Atriplex  natal  1 i i )  6 

Other  shrub  species  that  could  be  considered  for  use  in  revegetation 
efforts  are  four  wing  saltbrush  (Artiplex  tridentata),  mountain 
mahogany  (Cercocarpus  montanus).  and  antelope  bitterbrush  (Purshia 
tridentata).  The  latter  two  species  are  particularly  suited  to  sandy 
soils  and  are  important  browse  species  for  big  game  animals. 

After  the  initial  seeding  of  grasses,  legumes,  and  shrubs  is 
established,  it  can  be  expected  that  many  of  the  other  native  species 
found  in  surrounding  areas  will  invade  the  planted  stands  and  over  a 
period  of  many  years  will  be  similar  to  the  vegetation  composition 
now  found  in  the  area. 

Fertilization  needed  -  There  will  be  a  deficiency  of  phosphorus  and 
and  nitrogen  on  the  sites  to  be  reclaimed  after  mining  is  completed 
and  the  overburden  and  topsoil  replaced  on  the  disturbed  area. 
Therefore,  it  is  recommended  that  prior  to  ripping  or  chiseling  the 
areas  to  be  rehabilitated,  they  be  fertilized  with  triple  super 
phosphate.  This  will  insure  incorporation  of  the  phosphate  fertilizer 
into  the  top  surface  material  where  it  will  be  readily  available  for 
plant  growth  and  development.  Nitrogen  fertilizer  if  needed  should 
be  applied  to  all  disturbed  areas  prior  to  or  during  the  seeding 
of  grasses,  legumes,  and  shrubs.  Fertilizer  may  be  applied  by 
broadcasting  or  use  of  a  fertilizer  attachment  installed  on  the 
grass  drill . 

Later  in  the  growing  season  or  in  subsequent  growing  seasons, 
additional  light  applications  of  nitrogen  fertilizer  will  undoubtedly 
be  required.  The  timing  and  rate  of  fertilizer  should  be  determined 
by  the  local  manager,  since  it  will  have  to  be  based  upon  local 
observation  and  experience.  Applications  of  nitrogen  fertilizer 
after  the  initial  one  should  prefereably  be  made  by  airplane,  so 
that  the  surface  of  the  reclaimed  area  is  not  disturbed  thus  making 
it  subject  to  erosion. 

Preparation  of  Area  Before  Seeding  -  Manipulation  or  mechanical 
treatment  of  the  surface  material  (plant  growing  media)  have  been 
used  for  more  than  30  years  to  facilitate  plant  growth  and  establish 
new  seedlings  and  to  control  damaging  surface  and  gully  erosion. 

After  all  materials  are  placed  back  in  the  open  pit  and  the  fine 
grading  and  topography  stabilized,  it  is  recommended  that  the  entire 
area  be  loosened  to  a  depth  of  8  to  12  inches  by  ripping  or  deep 
chiseling  on  the  countour.  This  operation  is  necessary  to  roughen 
the  surface  material  that  has  become  packed  by  equipment  travel  during 
previous  operations  to  insure  that  the  water  intake  is  increased  and 
surface  runoff  decreased  to  place  coarse  materials  or  clods  on  the 
surface  to  prevent  wind  erosion  during  seedling  establishment. 
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Surface  manipulation  should  also  include  such  practices  as  pitting, 
dozer  basins,  and  contour  furrowing  may  also  be  used  to  retain  soil 
moisture  and  reduce  surface  erosion. 

In  areas  where  drainageways  collect  water  in  sufficient  quantities 
to  cause  erosion,  it  is  recommended  that  water  spreaders  be  considered. 
Water  spreaders  are  systems  of  dikes  that  are  designed  to  divert 
floodwater  from  a  gully  onto  adjacent  rangeland.  Because  of  the 
normal  low  rainfall  in  this  area,  it  can  be  expected  that  water 
spreaders  would  come  into  play  only  during  periods  of  rainstorms 
that  are  of  short  duration  and  high  intensity  and  during  periods  of 
rapid  snowmelt. 

Seeding,  Methods  to  Use  -  Planting  of  seed  may  be  accomplished  by 
drilling  with  either  an  approved  disk  or  shoe-type  grass  drill,  an 
approved  hydroseeder,  or  by  mechanical  or  hand  broadcasting  in  the 
order  of  preference  as  follows: 

1.  Drill  seeding  -  Sowing  the  seed  mixture  with  either  an  approved 
disc  or  shoe-type  grass  drill  is  acceptable.  If  this  method  is  used, 
the  drill  shall  be  regulated  to  uniformly  distribute  the  seed  at  the 
rate  specified  herein  on  the  areas  to  be  seeded.  Where  possible  to 
safely  operate  equipment,  drilling  shall  be  done  on  the  contour  or 
parallel  with  the  slopes  being  seeded.  The  drill  shall  be  regulated 
so  that  the  seed  is  properly  placed  in  the  soil  and  covered  with  soil 
to  a  depth  not  to  exceed  one-half  inch.  In  the  event  the  drill  is 
equipped  with  an  approved  fertilizer  attachment  which  will  evenly 
distribute  fertilizer  at  the  recommended  rate,  the  dry  nitrogen 
fertilizer  may  be  applied  simultaneously  with  the  drilling  of  grass 
seed. 

2.  Hydroseeding  -  Seeding  with  an  approved  hydroseeder  will  be 
acceptable  provided  wind  velocities  permit  uniform  distribution  of 
seed  and  nitrogen  fertilizer  slurry  on  the  areas  to  be  seeded.  In 
hydroseeding  operations,  the  mixture  of  seed  and  the  fertilizer 
specified  herein  shall  be  properly  mixed  with  water  to  form  a 
slurry.  The  slurry  mixture  shall  be  prepared  immediately  prior  to 
application,  and  shall  be  promptly  applied  on  the  areas  to  be 
seeded  and  fertilized.  Slurry  mixtures  prepared  more  than  1  hour 
prior  to  application  are  not  acceptable.  The  hydroseeder  shall  be 
designed  so  as  to  insure  seed  and  fertilizer  being  uniformly  applied 
at  the  recommended  rates  per  acre.  The  hydroseeder  shall  be  equipped 
with  a  paddle-type  agitator  and  recirculation  pump  that  will 
continually  stir  and  mix  the  slurry  to  prevent  settling  of  solids 

in  corners  and  at  the  bottom  of  the  tank  and  maintain  a  uniform 
mixture  of  seed,  fertilizer,  and  water  at  all  times  during  the  entire 
seeding  operation.  Immediately  after  the  slurry  mixture  is  applied 
to  the  soil  surface,  the  seed  shall  be  properly  covered  with  soil 
to  a  depth  not  to  exceed  one-half  inch  if  the  surface  area  permits. 


168 


3.  Mechanical  broadcasting  -  A  mechanical  broadcaster  of  either  the 
centrifugal  type  or  pull  type  similar  to  fertilizer  spreaders  are 
acceptable.  Any  equipment  of  this  type  used  for  broadcast  seeding 
shall  be  designed  and  regulated  to  insure  that  the  proper  seeding 
rate  per  acre  is  uniformly  applied  on  areas  to  be  seeded.  When 
this  method  is  used,  seed  and  fertilizer  may  not  be  applied  in  the 
same  manner  simultaneously,  each  shall  be  broadcast  separately. 

4.  Hand  broadcasting  -  Hand  broadcasting  may  be  performed  on  small, 
inaccessible  areas.  Seed  application  may  be  performed  by  using  an 
approved  hand  broadcaster  or  by  broadcasting  the  seed  by  hand  from 

a  sack  or  other  suitable  container.  Whichever  means  is  used,  the 
seed  shall  be  uniformly  applied  at  the  rates  suggested  earlier.  In 
the  employment  of  this  method,  the  seed  and  fertilizer  shall  be 
broadcast  separately. 

Fall  seeding  appears  to  produce  the  best  results  in  this  area.  The 
seed  mixture  of  grasses,  legumes,  and  shrubs  as  recommended  previously, 
should  be  planted  as  soon  after  final  grading  and  the  desired  surface 
manipulation  is  completed  in  order  to  prevent  surface  erosion  damage 
and  reduce  the  problems  of  visual  contrast  with  the  surrounding 
landscape. 

Surface  Soil  Protection  -  Protection  of  the  surface  soils  from 
sustained  high  winds  is  essential  during  the  winter  months  when 
precipitation  is  very   erratic.  This  precipitation  usually  comes  in 
the  form  of  blowing  snow.  One  economical  method  that  has  been 
successfully  used  to  reduce  surface  erosion,  trap  winter  snow  and 
keep  it  on  the  site,  as  well  as  prevent  injury  to  tender  growing 
seedlings  being  established  on  a  site,  is  to  use  wooden-slat  snow 
fencing  material  5  to  6  feet  in  height.  These  fences  should  be 
installed  perpendicular  to  the  prevailing  winds  during  the  winter 
and  spring  seasons  and  should  be  located  about  100  yards  apart  or 
closer  if  needed.  The  snow  fence  can  be  constructed  with  steel 
fence  posts  that  can  be  driven  into  the  soil  or  with  wood  posts 
that  are  hand  set.  Since  heavy  winds  are  common  in  the  area, 
posts  should  be  set  not  more  than  10  to  15  feet  apart. 

Another  method  that  has  been  successfully  used  to  stabilize  critical 
areas  to  enable  plants  to  become  established  quickly  in  the  surface 
material  (plant  growing  media)  is  to  mulch  the  surface  after  grass, 
legume,  and  shrub  seeding  has  been  completed.  Mulching  nearly 
always  shortens  the  time  required  to  establish  a  suitable  plant 
cover  by  reducing  evaporation,  moderating  soil  temperatures  to  promote 
germination  and  seedling  growth,  prevent  crust,  and  control  wind  and 
water  erosion.  Any  substance  spread,  formed  or  left  on  surface  material 
may  act  as  a  mulch.  There  is  an  infinite  variety  of  available  mulching 
materials,  including:  straw,  native  hay,  hay  and  other  crop  residues, 
sawdust,  woodchips,  wood  fiber,  bark,  manure,  sewage  sludge,  brush, 
jute  or  burlap,  gravel,  mulch  stones,  peat,  paper,  leaves,  plastic 
film,  and  various  organic  and  inorganic  liquids. 
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Because  of  the  nature  of  this  site  and  availability  of  materials, 
it  is  recommended  that  the  entire  disturbed  area  be  surface  mulched 
immediately  following  seeding  of  grasses,  legumes,  and  shrubs  with 
either  a  gravel  or  crushed  rock  mulch  or  a  native  hay  such  as  straw 
mulch,  that  is  anchored  by  means  of  a  mulch  anchoring  machine  to 
keep  it  from  being  blown  off  of  the  newly  seeded  surfaces.  The 
mulch  anchoring  operation  should  immediately  follow  the  seeding 
operation.  The  native  hay  or  straw  mulch  should  be  applied  to 
the  surface  at  a  rate  of  not  less  than  2  tons  per  acre. 

Gravel  or  crushed  rock  can  also  be  selected  from  overburden 
material  and  used  successfully  as  a  surface  mulching  material. 
This  type  of  mulch  has  advantages  over  most  other  mulches  because 
it  is  permanent  if  the  individual  pieces  are  no  smaller  than  one- 
eighth  inch  in  diameter.  If  the  gravel  or  crushed  stone  pieces 
are  no  smaller  than  this  in  size,  the  mulch  cover  will  withstand 
a  surface  wind  velocity  of  85  mph.  To  control  wind  erosion  the 
pieces  must  almost  cover  the  soil  surface  (not  less  than  95  percent). 
The  finer  the  gravel  or  crushed  rock  the  less  material  is  required 
to  cover  the  ground  surface. 

Use  of  irrigation  to  start  plantings  in  surface  mine  reclamation 
is  a  common  practice.  Because  there  is  insufficient  data  on  the 
quantity  and  quality  of  water  that  is  available  and  the  uncertainty 
of  the  reclamation  plan,  it  is  not  possible  at  this  time  to 
determine  the  use  of  irrigation.  If  irrigation  is  proposed,  the 
suitability  of  the  available  water  should  be  evaluated  taking  into 
account  the  quantity  and  quality  of  water,  species  to  be  planted, 
reclaimed  land  characteristics,  irrigation  practices,  and  climate. 

Management  of  Reclaimed  Areas  -  After  planting,  fertilizing,  mulching, 
and  installation  of  wind  barriers  are  completed,  the  entire  reclaimed 
area  should  be  enclosed  with  a  barbed-wire  fence  which  is  designed 
and  constructed  in  a  manner  to  keep  all  livestock  out  of  the  area. 
The  area  should  continue  to  be  excluded  from  livestock  grazing 
until  the  local  manager  determines  that  the  planted  vegetation  is 
sufficiently  developed  and  established  to  withstand  grazing  use 
without  damaging  the  overall  vegetative  cover.  In  the  event  noxious 
weeds  invade  the  rehabilitation  site,  the  local  manager  should  use 
acceptable  methods  of  control  to  remove  them  from  the  plantings 
before  desirable  range  plants  are  "crowded  out"  of  the  reclaimed 
area. 
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APPENDIX   A 


GEOLOGY 


Geology 
Techniques,  Procedures,  and  Standards  Used  in  Geologic  Studies 

Geologic  mapping  of  the  area  was  done  prior  to  the  studies  for  this 
report.  Geological  Survey  published  a  geologic  map  of  the  Riner  Quad 
in  1974  and  this  information  was  used  in  the  present  field  study. 
The  1974  information  was  augmented  by  current  information  obtained 
from  J.  Hatch,  Geological  Survey,  Coal  Resources  Branch. 

Drilling  of  Hole  No.  8  was  accomplished  using  a  Damco  Model  1250 
drill  and  the  remaining  nine  holes  were  completed  using  a  Portadrill 
Model  TK,  truck-mounted  rig. 

For  the  largest  part  of  the  drilling,  a  4-1/8-inch  diameter  core  was 
taken  using  a  wireline  setup.  When  use  of  the  large  wireline  rig  was 
difficult  or  impossible,  2-inch  diameter  cores  were  taken. 

Water  was  used  for  drilling  fluid  and  "revert,"  a  biodegradable  drilling 
fluid  additive,  was  added  when  water  losses  became  too  great  or  caving 
of  the  drill  hold  became  a  problem.  "Revert"  has  properties  similar 
to  bentonite  but  breaks  down  in  a  few  days  and  does  not  affect  the 
permeability  of  formation  rock  nor  the  quality  of  the  ground  water. 

There  was  a  geologist  on  the  site  most  of  the  time  and  logging  of  the 
core  was  done  during  drilling  operations  when  possible.  Coal  samples 
were  placed  in  plastic  bags  to  retain  moisture  as  soon  as  they  were 
removed  from  the  core  barrel  and  turned  over  to  Geological  Survey  at 
the  earliest  opportunity. 

The  remaining  core  samples  were  transported  to  the  Bureau  of 
Reclamation's  lab  in  Denver  to  be  processed  for  further  tests.  These 
tests  are  discussed  under  the  soils  section. 

Ten  holes  were  drilled  and  core  samples  obtained  from  all  but  Hole 
No.  3,  which  was  used  only  as  a  ground-water  observation  hole. 
Perforated  plastic  pipe  was  placed  in  Holes  Nos.  3,  7,  and  8  for 
ground-water  observation  and  evaluation  by  Geological  Survey. 

Initially,  the  drill  holes  were  located  by  correlation  with  existing 
data  contained  in  the  geologic  map  of  the  Riner  Quad  in  order  to 
intercept  coal  beds  at  a  reasonable  depth.  As  further,  more  complete 
data  came  available  from  drilling  and  surface  reconnaissance,  the 
hole  locations  were  changed  as  necessary  to  gain  the  best  possible 
information^  A  rule-of-thumb  criteria,  furnished  by  Geological  Survey, 
was  used  to  control  the  depth  of  holes.  This  is  the  1:10  ratio  concept 
which  says  that  for  eyery   10  feet  of  overburden,  there  must  be  1  foot 
of  coal  for  an  economical  stripping  operation  with  a  maximum  depth  of 
200  feet. 
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CLASSIFICATION  AND 
PHYSICAL  CONDITION 


Drilled  with  Porta- 
drill  Model  TK* 
truck  mounted. 

4-1/8"  push  samples 
taken  0.0'-7.7'  . 

Nx  rock  bit  used 
7.7'-10.5' . 

Nx  core  samples 
taken  10.5'-90.3' 
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Revert  used  as  dri 
ing  fluid. 


. 


Water  Losses 


Nx  ■ 
20 

C 

r 

R 

E 

30- 


31.4-41.4 
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Elevation  estimated 
from  USGS  Quadrangl 
Sheet,  Riner, 
Wyoming. 
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0.0-7.7   SUPERFICIAL  SOIL  DEPOSITS 

0.0-7.7  -  SAND:   Fine,  silty,  unconsoli- 
dated, HC1  reaction  high,  tan,  (weather 
sandstone; .  (sm) 
7.7-90.3   FORT  UNION  FORMATION 

7.7-55.5  -  SANDSTONE:   (Same  as  above 
but  more  consolidated.)   Hardness  1-3, 
HC1  reaction  high,  core  fragmented, 
cemented  zones  21.4-24.0  6  50.0-51.0. 
tan  to  gray . 

55.5-57.0  -  SILTSTONE:   Clayey  and  sandy 
carbonaceous,  hardness  3-5,  iron 
stained  joints,  core  pieces  l/4"-3' 
HC1  reaction  medium  to  high,  dark  gray 

57.0-81.0  -  SANDSTONE:   Fine,  silty, 
hardness  1-3,  HC1  reaction  medium  to 
high,  core  fragmented,  silty  shale 
from  65.0-66.0',  carbonaceous  silty 
shale  from  76.5-78.0'  6  80.0-81.0', 
no  HC  I.  reaction  below  63.0'. 

81.0-87.8  -  COAL 

87.8-90.3  -  SHALE:   Hardness  5-6,  no 
HC1  reaction,  fragmented,  dark  gray. 
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Appro.,   tile  of  core  (X. series)  ..  Ex  -  7/8",  Ax  =  1-1/8",  Bx  =  1-5/8",     r 

Outside  dio.  of  cosine  (X. series).  Ex  =  1-13/16",    Ax  =2-1/4",  Bx  =  27    8",     r 

Inside  dip,  of  cosing  (Xse.ies)         Ex   =  11  '2",  Ax   =  1-29    32",     Bx   =  2-3/8".     ► 
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NOTES  ON  WATER 
LOSSES  AND  LEVELS. 
CASING,  CEMENTING, 
CAVING,  AND  OTHER 
DRILLING  CONDITIONS 


CLASSIFICATION  AND 
PHYSICAL  CONDITION 


Drilled  with   Porta- 
drill  model  TK  truc|< 
mounted. 

Two-inch  diameter 
push  samples  from 
0.0'-2.7' . 

:No  recovery  from 
2.7'-6.0'. 

Rockbit  used  from 
6.0'-18.9'. 

4-1/8"  wireline 
core  used   for   remai 
der  of  hole- 18. 9' 
168.9'  . 

Revert  used  as 
grilling  fluid  . 


0.0-2.7      SUPERFICIAL   SOIL   DEPOSITS 


Hole  caved  overnigh 

from  148.9' 

to  125. 

and  from  168 
148.9'  . 

.9  '  to 

Water  Losses 

18.9-28.9 

25% 

28.9-48.9 

10% 

W8.9-68.9 

25% 

58.9-148.9 

10% 

148.9-158.9 

20% 

158.9-168.9 

30% 

Elevation   estimated 
from  USGS   Ouadrangl 
Sheet,    Riner, 
Wyoming. 


CORE 

Jloss 


ICORE 
ECOVERY 


Sandy ,  tan  gray , 
med-high  HC1  reaction. 


0.0-2.7  -  SILT: 

hardness  -  1, 
(mi) 

.7-18.9  -  SANDSTONE:   No  recovery 
med-high  HC1  reaction  -  too  hard  for 
push  samples,  rockbit  used  from  6.0'- 
18.9'  . 

18.9-22.0  -  SILTSTONE:   Sandy,  contains 
4"  shale  layer  at  19.2',  hardness  -  5, 
gray  and  brown,  none-low  HC1  reaction. 

22.0-24.0  -  SANDSTONE:   Very  fine,  silty 
none-low  HC1  reaction,  hardness  -  5, 
light  brown  . 

4.0-37.0  -  SHALE:   Carbonaceous,  cracks 


upon  drying,  no  HC1  reaction,  gray  and 
brown  to  28.0'  -  dark  gray  from  28.0'- 
37.0'  . 

37.0-44.0  -  COAL:   Subbituminous . 

44.0-53.5  -  SHALE:   Silty,  cracks  upon 
drying,  hardness  5-7,  highly  carbona- 
ceous 52.0-52.5,  gray-dark  gray,  no  to 
low  HC1  reaction. 

53.5-59.0  -  SILTSTONE:   Very  sandy,  hardrjes 
5-7,  no  to  low  HC1  reaction,  gray. 

.0-62.5  -  SANDSTONE :   Very  fine,  slightlly 


silty,  hardness  3-5,  breaks  along  bed 
ding  core  pieces  l/2"-8",  no  to  low  HC1 
reaction,  gray  and  brown. 


.5-72.0 


SHALE:   Silty  and  sandy  in 


spots,  some  cracking  upon  drying,  car- 
bonaceous with  little  coal  at  66.0'- 
67.0',  no  to  low  HC1  reaction,  core 
breaks  into  chunks  1/4"  to  1'  long. 

72.0-154.5  -  SANDSTONE:   Fine  to  medium 
grained,  very  silty  72.0-74.0,  core 
breaks  into  1/4"  chunks  to  10'  long 
core  pieces,  hardness  3-7,  2"  of  coal 
at  79.0',  shale  layers  at  110' -111.5', 
148.0'-148.9',  and  152.5 '-153.5 ' . 

154.5-168.0  -  COAL:   Subbituminous. 

168.0-168.9   -   SHALE:      Carbonaceous,   hard- 
ness  5,  no   to   low  HC1  reaction,   dark  grfiy . 
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NOTES  ON  WATER 
LOSSES  AND  LEVELS. 
CASING.  CEMENTING. 
CAVING,  AND  OTHER 
DRILLING  CONDITIONS 


Drilled  with   Porta- 
drill   Model   TK 
truck  mounted. 

No  recovery   from 
3'-19.0'  . 

4-1/8"  wireline  con 
used  from  19.0'- 
158.3'. 

Revert  used   as 
drilling  fluid. 

100%  water  loss 
from  19.0' -158. 3' 
impossible  to  stop, 
used  excess   revert 
and  also  tried 
cottonseed  hulls 
and  shredded  paper 
in  drill  mud. 

Elevation   estimated 
from  USGS  Quadrangl 
Sheet,    Riner, 
Wyoming. 


CLASSIFICATION  AND 
PHYSICAL  CONDITION 


0.0-19.0   SUPERFICIAL  SOIL  DEPOSITS 

0.0-19.0  -SAND:   Fine,  silty,  contains 
numerous  lime  nodules  at  4'-8',  uncon- 
solidated, hardness  1-3,  HC1  reactions 
0.0'-9.3'  high,  9.3--19.0'  -  none  to 
low,  gray  brown.  (5l*i) 

19.0-158.3   FORT  UNION  FORMATION 

19.0-39.0  -  SANDSTONE:   Contains  iron 
cemented  and  stained  zones  throughout, 
1'  shale  zone  at  21'  ,  core  pieces  .05' - 
.4'  ,  slight  carbonate  cementation  fron 
33.0'-39.0',  hardness  2-4,  HC1  reactioji 
none  to  medium,  brown  with  slight 
gray  mottling. 

.0-48.5  -  SHALE:   Upper  portion  sandy 


and  contains  small  coal  seams  (.1'), 
carbonaceous,  core  length  .l'-.5', 
disintegrates  when  wetted,  hardness 
4-6,  no  HC1  reaction ,  gray-dark  gray. 

,5-53.3  -  SANDSTONE:   Thin  bedded,  well 


cemented,  contains  carbon  inclusions 
on  bedding  planes,  core  length  .2'- 
1.2',  hardness  6-7,  no  HC1  reaction, 
gray. 

53.3-158.3  -  SHALE:   Carbonaceous  ,  dis- 
integrates when  wetted,  core  lengths 
fragmented  to  1.8',  hardness  4-6,  no 
HC1  reaction,  coal  zones  -  76 '-77', 
125.3'-126.8' ,  129.5'-141.0'  ,  and 
142.0'-142.4' ,  gray-dark  gray. 
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RECOVERY 
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E  X  P  L  A  N  A    T  ION 


Type  of  hole D  =  Diomond.    H  =  Hoystellite,   S   =  Shot.    C  =  Churn 
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Approx.   sue  of  hole  (X. series)  ..  Ex  =  1-1/2".  Ax  =  1-7 '8",  Bx  =  2-3   8",     Nx  =  3" 

Approx.   size  of  core  <X-se.ies)  .   .  Ex  =  7,  8",  Ax  =  1-1    8",  Bx  =  1-5/8",     Nx  -  2-1/8" 

Outside  d.a.   of  casing  (X-series).  Ex   =  1-13/16",  Ax  =2-1/4",  Bx  =  2-7/8",     Nx  =  3-1/2" 

Inside  dip,  of  cosing  (X-series).    .  Ex   =   1-1    2",  Ax   =  1-29/32",     Bx=2-3'8",     Nx   =  3" 
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BEGUN FINISHED DEPTH  OF  OVERBURDEN    .  .  JA.A 


HOLE  NO.W-:H  . 
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GROUND  ELEV   . 
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OVERBURDEN 


NOTES  ON  WATER 
LOSSES  AND  LEVELS, 
CASING,  CEMENTING. 
CAVING,  AND  OTHER 
DRILLING  CONDITIONS 


TYPE 
AND 
SIZE 
OF 

HOLE 


oo 

uu 


[*) 


CLASSIFICATION  AND 
PHYSICAL  CONDITION 


_ 


IOC 


T~ 


^-1 


' 


15&, 


O.i  .    15E 


80- 


i 


CORE 
LOSS 


CORE 
RECOVERY 


E  X  P  L  A  N  A    T  I  0  N 


Typo  of  hole D  =  Diomond.   H   -  Hoyslell.te.   S  =  Shot,   C  -  Churn 

Hole  sealed P  =  Packer.   Cm  -  Cemented,   Cs  =  Bottom  of  cosing 

App,o«.   size  of  hole  (X-serres)  .  .  Ex  =  1-1/2 ".  Ax  =  17    8",  B«=2-3   8",     Nx  =  3" 

App.ox.  s.ie  of  core  (X. series)  .   .  Ex   =  7    8".  Ax  =  1-1/8",  Bx  =  1  -5/8",     Nx  -  2-1/8" 

Outside  dro.  of  cosing  (X-series).  Ex  =  113    16",     Ax  =2-14",  Bx=2-7    8",     Nx  =  3-1/2" 

Inside  d.a.  of  cosing  (X-series).   .  Ex  =  1-1    2",  Ax   =  1-29    32",     Bx   =  2-3   8",     Nx  -  3" 
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FEATURE  .  .    Red    R¥i  .SMe. PROJECT.  .  .       EMRIA-BLM  STATE 

nu    ,  LOCATION 

HOLE  NO.  .QH-.6.  ....    _„_„.       ^  c 

COORDS.     N E T0TAL 

BEGUN  .  .9-2.2.-7.5.  .  .    FINISHED.  .  ?r?7r7f>.  .  .  DEPTH  OF  OVERBURDEN   .  7.5 DEPTH.  .147.5 


Wyoming,  .... 

GROUND  ELEV.    7180+ DIP  (ANGLE  FROM  HORIZ  )  .  .V.er.tiQai, 

BEARING 


DLEVELAA%>EDATEMFEASAUREERD LOGGED  BY  ..  "^e  .  Walker L0G  REV!EWED  BY.  .  .N  ..  .E..  .BejUietX,.  Hi.  . 


NOTES  ON  WATER 
LOSSES  AND  LEVELS, 
CASING,  CEMENTING, 
CAVING,  AND  OTHER 
DRILLING  CONDITIONS 


TYPE 
AND 
SIZE 
OF 

HOLE 


UJUJ 

OO 
<_>U 


{%) 


SUITABILITY    OF 
OVERBURDEN 


CLASSIFICATION  AND 
PHYSICAL  CONDITION 


Drilled  with  Porta- 
drill  Model  TK 
truck  mounted . 

Push  samples  from 
0.0  to  21.5. 

4-1/8"  wireline 
core  taken  from 
21.5  to  137.5. 

Nx  core  taken  from 
137.5  to  147.5. 

Revert  used  as 
drilling  fluid. 

Hole  caved  from 
101.5  to  80.0 
overnight . 

Water  Losses 


P 

I) 

Sio- 
H 


21.5-31.5 

52.2-101.5 

131.5-147.5 


20% 

30% 
50% 


Elevation  estimated 
from  USGS  Quadrangl 
Sheet,  Riner, 
Wyoming. 


4-l/tf' 

u50-l 

R 

e   : 


70- 


qs 


qb 


MB 


80- 


J.0-7.5   SUPERFICIAL  SOIL  DEPOSITS 


1.0-7.5  -  CLAY  AND  SILT: 


hardness  1-4, 


Slightly  sandy 
HC1  reaction  low  to  high 


push  samples  taken  (no  core),  gray. 

7.5-147.5   FORT  UNION  FORMATION 

7.5-12.5  -  COAL:   Shaley ,  powdery,  highl/ 
weathered,  sandy,  dark  brown. 

12.5-48.1  -  SHALE:   Carbonaceous,  slight  L 
weathered  to  highly  weathered  iron 
stained  joints  from  27.0-28.5,  coal 
from  24.5-25.0,  32.0-36.0,  and  42.0- 
44.1,  highly  carbonaceous  21.5-26.5, 
core  pieces,  l/8"-l'  pieces,  cracks 
upon  drying,  core  completely  disinte^ 
grated  to  21.5  and  highly  broken  to 
28.4,  core  pieces  below  28.4  from  .1 
to  1.0'  average  .35',  HC1  reaction  - 
none  to  low,  gray  to  black  color 
depending  on  amount  of  organic  carbon. 

48.1-111.5  -  SANDSTONE:   Silty ,  HC1 
reaction  -  none  to  high,  core  pieces 
range  from  fragments  to  1.5',  average 
.2' ,  color  gray  to  yellow  depending  on 
cement . 


Depth 

Hardness 

48.1-54.0 

4  to  5 

54.0-101.5 

3  to  4 

101.5-111.5 

4  to  6 

Depth 

Cementation 

48.1-52.0 
52.0-54.0 
93.0-101.5 

Clay 
CaC03 

108.5-111.5 

" 

54.0-55.0 

Iron 

101.5-103.5 

" 

SCORE 
LOSS 
CORE 
RECOVERY 


EXPLANA    TION 


Type  of  hoi 
Hole  tooled 


Appn 


Outside  d 
Inside  dlo 


D   =  Diomond,    H 

I P  =  Packer,  Cm 

e  of  hole  (X. series)  .   .  Ex   =   1-1    2", 
e  of  cote  (X. series)  .  .  Ex  =  7   8", 
i.  of  cosing  (X-series).  Ex  =  1-13    16", 
of  cosing  (X-se.ies).    .  Ex   =   1-1/2", 


i  Chu 


-  Hoyslellile,   S   =  Sh 

•  Cemented,  Cs   =  Bottom  of  cosing 

Ax  =  1-7/8",         Bx  =  2-3  8",    Nx  -  3" 

Ax  =  1-1/8",        Bx  =  1-5/8",    Nx  -  2-1/8" 

Ax  =  2-1/4",         Bx  =  2-7'8",    Nx  =  3-1/2" 

Ax  =  1-29  '32",    Bx=2-3'8",    Nx  -  3" 
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STATE  Wy.o.ming, 
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HOLE  NO.  .QH-6. 


Red   Rim   Site PROJECT.  .  .EMRIA-BLM 

LOCATION 

COORDS.      N E 


GROUND  ELEV 

BEGUN  .J-22-75  FINISHED.  .'      !.7r.7.5.  .  .  .  DEPTH  OF  OVERBURDEN    .  .   .  7  ..5 DEPTH 

DEPTH  AND  ELEV    OF  WATER 
LEVEL  AND  DATE  MEASURED 


state.  .  .  .Wyoming  .... 

7180+ DIP  (ANGLE  FROM  HORIZ  )  .  .  .Ve^tiq^J, 

147.5.  .  .     BEARING 


LOGGED  BY.  .  ^P.  Walker. 


LOG  REVIEWED  BY 


.N. 


1.  .Bennett,  .111 


suitability  6f 
overburden 


NOTES  ON  WATER 
LOSSES  AND  LEVELS, 
CASING,  CEMENTING, 
CAVING,  AND  OTHER 
DRILLING  CONDITIONS 


TYPE 
AND 
SIZE 
OF 

HOLE 


UJ  UJ 

oo 
uu 


CLASSIFICATION  AND 
PHYSICAL  CONDITION 


^ 


30- 


J20- 


30 


J40- 

NX     ■ 
COM 


50 


J60- 


70 


1CORE 
LOSS 
CORE 
RECOVERY 


90 


30 


qq 


fa5 


67 


■Hi 


110- 
111.5      ■: 


20 


150- 


160- 


170 


180 


190 


111.5-147.5  -  SHALE:  Carbonaceous,  crackjs 
upon  drying,  shows  slicks,  hardness 
4-6,  no  HC1  reaction,  highly  carbon- 
aceous 122.0-124.0  and  138.0-139.0, 
core  pieces  range  from  fragments  to 
.5'  average  .2',  dark  gray  to  black 
color,  1.0  coal  seam  from  137.0  to  138.0. 


Type  of  hole D 

Hole  seoled P 


Appr. 


Outside  I 
Inside  di 


of  hole  (X- 
of  core  (X.se 
,f  cosing  (X. 
cosing  (X-s. 


:    Diomond,     H    - 

:  Packer,  Cm  - 
)  .   .Ex  =  1-1/2",  A 

s)  .  .  Ex  =  7/8",  A 

ies).  Ex  =  1-13/16",    A 
,s).  .  Ex  =  1-1/2",        A 


E  X  P  L  A  NATION 


Hoystellite,  S  =  Shot,  C  =  Churn 
Cemented,  Cs   =  Bottom  of  cosing 
,  =  1-7/8",        Bx  =2-3/8",    Nx  =  3" 
,  =  1-1/8",        Bx  =  1-5/8",    Nx  -  2-1/8" 
«  =  2-1/4",        Bx  =  2-7/8",    Nx  =  3-1/2" 
.  =  1-29/32",    Bx  =  2-3/8",    Nx  .  3" 


EATURE  .  .Red   Rim   S.i.t.e PROJECT 


EMRIA-BLM 


STATE  .".y.0."1.1.".^  .  .  .  SHEET  .  .2  .  OF  .  2.  .  HOLE  NO 
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A-9 
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SHEET. 


OF.  .  .1  .  .  . 
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HOLE  NO 


Red  Rim  Site 
.DH-7. 


EMRIA-BLM 


LOCATION 

COORDS.  N.  .  .  . 
BEGUN  .  .9-17-75  .  .  FINISHED.  2.-JA- 


STATE.  .  .Wyoming  . 

GROUND  ELEV.  .^?25+  DIP  (ANCLE  FROM  HORIZ) 

BEARING 


*■ ,         TOTAL 

7.5.  .  .  .  DEPTH  OF  OVERBURDEN  .  .  -L9...5.' DEPTH.  8D.0.' 


DEPTH  AND  ELEV  OF  WATER 
LEVEL  AND  DATE  MEASURED 


logged  by.  .  .  Mike.  Walker log  reviewed  by N.  .B.  .Bennett,  .III 


NOTES  ON  WATER 
LOSSES  AND  LEVELS. 
CASING,  CEMENTING, 
CAVING,  AND  OTHER 
DRILLING  CONDITIONS 


CLASSIFICATION  AND 
PHYSICAL  CONDITION 


Drilled  with  Porta- 
drill  Model  TK 
truck  mounted . 

Push  sampled  to 
19.5'. 

Cored  with  4-1/8" 
wireline  core  from 
19.5'  to  80.0' . 

Revert  used  as 
drilling  fluid. 

80'  of  plastic  well 
screen  set  in  hole 
upon  completion. 

Water  Losses 


19.5-30.0 
34.7-50.0 
50.0-54.0 
54.0-55.0 
55.0-80.0 


10? 
30? 
75? 
100? 
75? 


Elevation  estimated 
from  USGS  Quadrangl 
Sheet,  Riner,  Wyomi 


0.0-19.5   SUPERFICIAL  SOIL  DEPOSITS 
19.5-80.0  FORT  UNION  FORMATION 


0.0-30.0  -  SAND: 
idated  to  19.5' 


Fine,  silty,  unconsol- 
limy  nodules  in  upper 


7.0',  HC1  reaction  -  high,  hardness 
19.5-30.0'-  3  to  5,  thin  bands  (spidei 
webbing)  of  limy  cement  from  27.1- 
30.0,  gray.  fS^) 

30.0-32.0  -  COAL,  SAND,  AND  SILT:  Some 
clay,  all  highly  carbonaceous,  hardne; 
5,  some  iron  staining  and  limy  "spider 
webbing",  HC1  reaction  -  medium  to 
high,  dark  gray  to  black. 

32.0-35.6  -  SHALE:   Top  2'  limy,  remain- 
der carbonaceous,  hardness  5-6,  HC1 
reaction  low  to  medium,  shows  slicks, 
gray  to  dark  gray . 

.6-45.9  -  COAL 


45.9-47.9  -  SHALE:   Carbonaceous,  hard- 
ness 5,  shows  slicks,  black. 

47.9-80.0  -  SANDSTONE:   Silty,  hardness 
3-5,  HC1  reaction  low  to  high,  CaC0$ 
cement  (very  hard)  from  73.0-76.0, 
1/2"  thick  carbonaceous  band  inclined 
60°  at  57',  bedding  apparent  at  57.4' 
is  13°,  core  pieces  from  .2'  to  2.0' 
average  . 5 ' ,  gray  . 


!CORE 
LOSS 
CORE 
RECOVERY 


of  hoi. 

leoled 


Approx.  I 
Outilde  d 
ln>>de  dia 


ole  (X-.eri. 
ore  (X-seric 
>.ing(X->. 
tng  (X-ieri 


EXP  L  ANA   T  I  O  N 


.  D  ■  Diomond.    H   -  Hoyslellite.    S   •  Shot.    C   m  Churn 
.  P  =  Pricker,   Cm  -  Cemented,   Cs   ■  Bottom  ol  cosing 

Ex  =  1-1/2",   Ax  =  1-7/6",    Bx  =  2-3/8",  Nx  -  3" 
.  Ex  =  7/8",     Ax  =  1-1/8",    Bx  e  1-5/8",  Nx  -  2-1/8" 
Ex  =  1-13/16",  A,  =  2-1/4",    Bx  =  2-7/8",  Nx  =  3-1/2" 
Ex  =  1-1/2",    Ax  =  1-29/32",  Bx  =  2-3/8",  Nx  -  3" 


feature  .  .  .  Red  Rim.  Sife proje 


EMRIA-BLM 


state  .Hy.o.m.i.hg 


SHEET  .1.  .  OF  .  1.  ■  HOLE  NO.  .  .QH-.7. 


A-10 
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DH-8     LOCATION GROUND  ELEV.  ...6925+ DIP  (ANGLE  FROM  HORIZ)  .   Vertical. 

COORDS.  N E TOTAL 

6-2-75      FINISHED.  .  ^r^-Pr??.  .  .  DEPTH  OF  OVERBURDEN  .  .  t^P DEPTH.  A9.Q -.5.  .  .  .  BEARING 


IOLE  NO 
IEGUN 


(EPTH  AND  ELEV    OF  WATER 
LEVEL  AND  DATE  MEASURED 


LOG 

SUITABILITY 


GED  by.  .?ennett,  .Walker L0G  reviewed  by.  !'.-.  P.-.  geppef;.,    .  .  . 


NOTES  ON  WATER 
LOSSES  AND  LEVELS. 
CASING,  CEMENTING. 
CAVING,  AND  OTHER 
DRILLING  CONDITIONS 


CLASSIFICATION  AND 
PHYSICAL  CONDITION 


Irilled  with  Daraco 
.250  truck-mounted 
Irill  rig. 

!"  diameter   push 
:amples   0-29.0. 
t-l/S"  diameter 
;ore   29.0-160.7. 

Jvershot   and   spear 
>f  4-1/8"   wireline 
:ore  barrel   broke. 
Jecessary   to  reduce 
:o  2"   core   160.7- 
L85.0. 

Door   core   recovery 
iue  to  friability 
3f  sandstone   and 
./eight   and   slick- 
less  of  claystone. 

^ater   Losses 


21.0' 
39.0' 
*9.0' 

9.0' 
79.0- 
39.0' 

5.0- 
L15.0 
L55.6 


-39.0 
-49.0 
-59.0 
-79.0 
89.0' 
-95.0 
115.0 
155 
170 


30% 
7  5% 
20% 
10% 

0% 
10% 

0% 
10% 

40% 


■tole   caved  when   lef' 
jvernight . 

L70'    of   4"   plastic 
ipe  set    in   hole 
or  ground  water 
tudies. 

levation   estimated 
rom  USGS   Quadrangl 
heet ,    Riner, 
lyoming. 


CORE 

Jloss 


ICORE 
ECOVERY 


E  X  P  L  ANA   T  I  O  N 


Type  of  holt 
Hole  sealed 

Appro. 
Appro. 
Outside  d 
Inside  di 


of  hole  (X.se 
ol  core  (X.se 

of  cosing  (X. 

f  cosing  (X-st 


.  .  .  .D  =D 

.  .  .  .  P  =  P 
es).   .Ex  =  1-1/2", 
es).  .E«  =  7/8", 
„es).Ex  =  1-13/16 
es).  .Ex  =  1-1/2", 


mond.   H   -  Hoy 
ker.    Cm  =  C 


Ilile,  S  =  Shot,   C  =  Chi 
ed,  Cs  ■  Bottom  of  cos 
_  =  1-7/8",         Bx  =  2-3/8". 
A,  =  1-1/8",        Bx  =  1-5/8", 
Ax  =  2-1/4",        Bx  =  27  8'  , 
Ax  =  1-29/32",    Bx  =  2-3   8'  . 


=  3" 
-2-1/8" 
=  3-1/2" 
.  3" 


0-48.0   Superficial  Soil  Deposits 

37.6  Clay  -  Moderately  to  highly 
plastic.   Scattered  sandy  and  gravelly 
zones.   Hardness  3-4.   Moist  to  wet. 
Gray  and  brown.   Core  lost  29-32.7. 
Driller  reports  it  as  bentonite.   Core 
on  each  side  of  lost  interval  stains 
blue' using  benzidine  stain  test;  this 
is  an  indication  of  bentonitic  soils. 
Non-  to  moderately  calcitic  (CH). 

37.6-48.0  Sand  -  Fine-grained,  rounded, 
quartz  grains  with  mica  flakes.   Few 
non-plastic  fines.   Very  slightly 
cemented.   Hardness  1-2.   Moist  to 
damp.   Brown  to  light  gray.   May  be 
broken  down  formation  rock  (SP). 

48-200     FT.  U»I0N  FORMATlQ.i 
48.0-79.4   Sandstone  -  Fine-grained, 
rounded  quartz  grains  with  scattered 
mica  flakes.   Moderately  to  highly 
calcitic.   Friable.   Clay  pods,  1/2- 
inch  in  diameter,  increase  last  2  feet 
Hardness  6,  49-59  ft.,  otherwise  2-3. 
Moist.   Gray. 

79.4-91.8   Most  of  core  lost  but  appears 
to  be  claystone  with  very  hard  quart - 
zitic  layers  and  pods.   Carbonaceous 
with  2-inch  coal  seam  89-91.8.  Greenis 

91.8-114.6   Sandstone  -  Fine-grained, 
rounded  quartz  grains  with  mica  flakes 
Medium  grained  with  clay  and  coal  pods 
91.8-95.   Carbonaceous  banding  96.4- 
102.5  dipping  14°.   Very  hard  clay- 
stone 102.3-102.5.   Very  slightly 
calcitic.   Poorly  cemented.   Friable. 
Hardness  4.   Breaks  through  sandstone 
along  14°  dipping  planes.   Gray  sand- 
stone, brown  claystone. 


MATURE 
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GEOLOGIC  LOG  OF  DRILL  HOLE 


SHEET 


OF. 


.  .  .  .EMRIA-BLM state.  .  Wyoming 

GROUND  ELEV  .6925+..       .  DIP  (ANGLE  FROM  HORIZ)  .  Vert  ical 

BEARING 

■lAaSdE^te0mFeasAurEeRd logged  BY.  .?«»»«  %  Walker log  reviewed  BY.  .  .  *.:  ?,.  Bennett ,. Ill . 


FEATURE  .  .  .  .^^  .^V'i  .^x.\". PROJECT 

nH    „  LOCATION 

HOLE  NO.  .  P.H.-.8.  ... 

COORDS.      N E TOTAL 

BEGUN  .  .5.-.2r.7.5.  .  .  .    FINISHED.  . §7i87?5.  .  .  DEPTH  OF  OVERBURDEN    .  .  .48.' DEPTH.  .19.Q..5.  . 


NOTES  ON  WATER 
LOSSES  AND  LEVELS, 
CASING,  CEMENTING, 
CAVING,  AND  OTHER 
DRILLING  CONDITIONS 


TYPE 
AND 
SIZE 
OF 

HOLE 


a> 
oo 

uu 


(%) 


SUITABILITY    OF 
OVERBURDEN 


>?[ 


L.O 


CLASSIFICATION  AND 
PHYSICAL  CONDITION 


^L 


70- 

2" 
co«e 


4'* 

tort 


I 


CORE 
LOSS 


CORE 
RECOVERY 


100 


83 


100 


BC 


H  190. 


114.6-117.4   Claystone  -  Moderately 
calcitic  near  114.6,  otherwise  none. 
Hardness  5 .   Desiccation  cracks  form 
on  core  surface  as  it  dries.   Gray. 

117.4-160.7   Sandstone  -  Fine-grained, 
some  medium.   Rounded  quartz  grains 
with  mica  flakes.   Non-  to  moderately 
calcitic.   Scattered  carbonaceous 
banding,  especially  139.4-142.0. 
Friable.   Hardness  4. 


160.7-170.7   Claystone  -  Dark  gray, 
carbonaecous ,  no  HCL  reaction,  hard- 
ness 5  . 


170.7-190.5   Claystone  6  Coal  -  Clay- 
stone same  as  above,  coal  subbitumin- 


Type 
Hole 


>f  hoU 
eoled 


Approx.  5 
Out.ide  d 
ln,,d.  dio 


!•  ol  hole  fX-uri< 
:e  of  core  (X-teri« 
..  ofca.in,  <X.,e, 
of  co»inq  (X-»erii 


E  X  P  L  A  N  A    TION 


.  .  .  D  -  Diamond,    H    -  Hoystellile,   S    =  Shot,   C   =  Churn 
.  .  .  P  =  Packer,  Cm  -  Cemented,  Cj   ■  Bottom  of  cosing 
i)  ..  Ex  -  1-1/2",        A«  =  1-7/8",        Bx  =  2-3/8",    Nx-3" 
»)  .  .  Ex  -  7/8".  Ax  =  1-1/8".        Bx  =  1-5/8",    Nx  -  2-1/8" 

ie.).  Ex  =  1-13/16",    Ax  =  2-1/4",        Bx  =  2-7  8",    Nx  «  3-1/2" 
s).  .  Ex  =  1-1/2",        Ax  =  1-29/32".    Bx  =  2-3/8".    Nx-3" 
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Red   Rim   Site 


FEATURE  .  .  *eQ.   ^m.  W* PROJECT.  .  .™RIATBLM $TATE 

LOCATION 

COORDS.      N E GROUND  ELEV      ..7085+ DIP  (ANGLE  FROM  HORIZ  )  .  Vertical  . 


HOLE  NO 


.0Ht9. 


BEGUN  .  .  Y7+?7?5         FINISHED.  .9-7.-7.5  ....  DEPTH  OF  OVERBURDEN   .  .2.6.' DEPTH.  18D-2 


DEPTH  AND  ELEV    OF  WATER 
LEVEL  AND  DATE  MEASURED LOGGED  BY.  .  J.- 


NOTES  ON  WATER 
LOSSES  AND  LEVELS, 
CASING.  CEMENTING, 
CAVING,  AND  OTHER 
DRILLING  CONDITIONS 


Drilled  with 
Portadrill  Model  Ti 

■4-1/8"  diameter 
core-revert  used  as 
drilling  fluid. 

Water  Losses 


30.0-35.0' 
35.0-52.7 
52.7-80.2 
80.2-90.2 

90.2-100.2 
100.2-180.2 


20% 
25% 
30% 
10% 
25% 
30% 


Lost  sample  from 
HI. 3-15.0' . 

Elevation  estimated 
from  USGS  Quadrangl 
Sheet,  Riner, 
Wyoming. 


BEARING 

Walker log  reviewed  by.U.  ,B.  .Bennett  ,  .III 


U.O 


CLASSIFICATION  AND 
PHYSICAL  CONDITION 


^ 


0-2S   SUPERFICIAL  SOIL  DEPOSITS 

0.0-26.0  FINE  SAND  S,  SILT:   Light  gray, 
unconsolidated.  (S  M) 

26.0-180.2   FORT  UNION  FORMATION 

26.0-28.0  SANDSTONE:   Light  gray,  h-5 
contains  very  thin  carbonaceous  layers, 
breaks  very  hard  along  bedding  planes. 

28.0-31.5   SHALE:   Silty,  yellow  and  gray 
h-3-5  contains  carbonaceous  partings. 

31.5-35.0   SAND:   Fine,  unconsolidated, 
scattered  small  limonite  and  carbonate 
nodules .   Salt  and  pepper  appearance 
(tan  with  dark  accessory  minerals). 

35.0-35.5   SANDSTONE:   Contains  carbona- 
ceous partings,  gray,  5  hardness. 

35.5-37.5  CLAYSTONE:   2-inch  coal  seam 


at  37.0',  3-5  hardness,  dark  brown. 

37.5-16.0   SILTSTONE:   Grading  to  sand- 
stone micaceous,  3  hardness,  gray  with 
some  black  banding. 


16.0-53.7   SHALE:   Becoming  more  carbona- 
ceous until  coal  hit.   Hardness  3-5. 
3-inch  layer  of  siltstone  at  19.5. 

53.7-57.5  COAL:   Subbituminous . 


60- 

65.8 

70- 

===. 

80- 
82  2  " 

= 

57.5-65.8   SHALE 


particles 
65.8-67.3   SANDSTONE 


Contains  carbonaceous 
Light  gray.   Hardness  3-5. 


Micaceous ,  dark 


gray  with  black  banding  (organic  matter 
Hardness  3-5. 

67.3-82.2   SHALE:   Carbonate  seams  at 
71.5'.   Hardness  3-5.   Medium  to  dark 
gray .   HCL  React . -Med . 

82.2-85.7   COAL:   Subbituminous. 


85.7-91.0   SILTSTONE:   Clayey  throughout 


few  thin  bands  of  carbonaceous  shale 
and  fine  sandstone.   Hardness  5-7.  Ligh 
gray.   HCL  iReact.  -  Low. 

91.0-105.0   SHALE:   Carbonaceous,  hardnes 


1-6.   Medium  to  dark  gray.   HCL  React. 
Low  -  None. 


CORE 

iLOSS 


■  CORE 
ECOVERY 


Type  of  hole D=D 

Hole  seoled P  =  Pocker,   Ci 

Approx.   size  of  hole  (X-series)  .  .  Ex  =  1-1/2", 
Approx.   size  of  core  (X-series)  .   .  Ex  =  7/8", 
Outside  dio.  of  cosing  (X-senes).  Ex  =  1-13/16", 
Inside  dip,  of  cosing  (X-ser,es).    .  Ex  =   1-1     2", 


EXPLANA    TION 


nd,   H  =  Hoystellite,  S  =  Shot,  C  m  Churn 
=  Cemented,  Cs   =  Bottom  of  cosing 
Ax  =  1-7/8",         Bx  =  2-3/8",    Nx  =  3" 
Ax  =  1-1/8",         Bx  =  1-5/8",    Nx- 2-1/8" 
A,  =2-1/4",        Bx^  2-7/8".    Nx  =  3-1/2" 
Ax  =  1-29/32",    Bx  =  2-3/8",    Nx  =  3" 


ATURE  . 


Red   Rim   Site 


PROJECT  .    EMR1A-BLM 


state  .  .Wy.omj.ng.  .  ,   SHEET  .1  .  .  OF 
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FEATURE  .  .  R.^  .  Rim  .  Site PROJECT 

LOCATION 

HOLE  NO.  .Dtk9.  .  .  .  „„„-   „  c 

COORDS.   N E TOTAL 

BEGUN  .  .  &7±9t7$  .  .  FINISHED.  .  .3-7-75  .  .  .  DEPTH  OF  OVERBURDEN 2.6.' DEPTH.  18.0..2 


DEPTH  AND  ELEV  OF  WATER  ,  M   u.n, ,  _-  „.„,_„._  „„ 

LEVEL  AND  DATE  MEASURED LOGGED  BY  .  .   .  .J.M-.   .WaXker LOG  REVIEWED  BY 


EMRIA-BLM STATE.  .  .Wyoming 

GROUND  ELEV      .  7035+ .  .  DIP  (ANGLE  FROM  HOR1Z  )  .  Vert  iC^J, 

BEARING 

N,  .B,  .Bennett,  All 


NOTES  ON  WATER 
LOSSES  AND  LEVELS. 
CASING,   CEMENTING, 
CAVING.  AND  OTHER 
DRILLING  CONDITIONS 


TYPE 
AND 
SIZE 
OF 

HOLE 


OO 


FROM 
(P.  C», 

o,  Cm) 


SUITABILITY    OF 

OVERBURDEN 


<,H 


CLASSIFICATION  AND 
PHYSICAL  CONDITION 


120- 


J0- 


60 


70 


Xaa= 


^L 


11 


lio- 


170- 


105.0-118.7   SILTSTONE:   Sandy  and  clayej 


in  spots,  carbonaceous  at  bottom. 
Hardness  5-7.   Light  to  medium  gray. 
HCL  React. -Med. -High. 

118.7-120.9  COAL:   Subbituminous . 

120.9-127.6   SHALE: 


Highly  carbonaceous 

coal  seams  at  approximately  123.0 

HCL  React . -None-Low. 


2-3 

dark  gray -black. 


127.6-128.1  COAL:   Subbituminous. 


128.1-150.0   SILTSTONE:   Sandy  and  clayej 


in  spots.  Top  1.1'  friable  and  hardne; 
3.  Bottom  20.0',  hardness  5-7.  Light 
gray.   HCL  React . -None-Low. 

150.0-180.2   SANDSTONE:   Micaceous  and 
dark  minerals  throughout.   Hardness  5. 
Light -dark  gray.   HCL  React.  147.0- 
170.0  Med.,  170.0-180.2  None-low. 


CORE 

Jloss 


I  CORE 
RECOVERY 


Typ.  ol  hoi. D  =  Diamond,   H 

Hoi.  s.al.d .      P  =  Pock..,   Cm 


Appt, 


ol  hole  (X- 
of  cor.  (X., 
o(  casing  (X- 


.id.  dio.  of  cosing  (X.xeri.x).  .  Ex 


s)  .  .  Ex  =  1-1/2", 
.).     Ex  =  7/8", 
»)■  Ex  ■  1-13   16", 


EXPLANA    TION 


-loyst.llit.,  S  •  Shol.   C  -  Churn 
r.m.nt.d,   Cs   ■  Bottom  of  casing 
=   1-7    8",         Bx   =  2-3   8",     Nx  -  3" 
.1-1/8",        Bx  =  1.5/8".    Nx- 2-1/8" 
■  2-1    4",         Bx  =  2-7   8",     N«  •  3-1/2" 
=  129   32",    Bx  =  2-3'8".    Nx  -  3" 


FEATURE 


Red  Rim  Site 


EMKIA-BLM 


STATE  .  .Wy?mlng.  .  SHEET  .  .2.  .  OF  .  .?.  HOLE  NO  .  .  .  P!1."?. 
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STATE. 
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DEPTH  AND  ELEV    OF  WATER 
LEVEL  AND  DATE  MEASURED LOGGED  BY. 


NOTES  ON  WATER 
LOSSES  AND  LEVELS, 
CASING.  CEMENTING, 
CAVING,  AND  OTHER 
DRILLING  CONDITIONS 


irilled  with   Damco 
250   truck-mounted 
rill   rig   using 
1/8"  wireline 
ore . 


ater   Losses 

8.3-98.3 

8.3-158.3 

58.3-178.3 

78.3-188.3 

88.3-198.3 


20% 
30% 
30-40% 
75% 
90% 


TYPE 
AND 
SIZE 
OF 

HOLE 


T 

NX 
Core  - 


iole  drilled   with 
x  0.0-11.0'  .      No 
ecovery.   Remainder 
if  hole  drilled  with 
1/8"  wireline  . 

elevation  estimated 
from  USGS  Quadrangl( 
Sheet,  Riner, 
Wyoming. 


u.  > 

oo 
uu 


4/6 

core 


FROM 
(P.  Cs, 
o.  Cm) 


■- 


SUITABILITY    OF 
OVERBURDEN 


y  ^ 


..  K..  .Walker. 


LOG  REVIEWED  BY. 


. 


.  ,  .III  . 


CLASSIFICATION  AND 
PHYSICAL  CONDITION 


37.5 

39.0 

40- 


60 
63.0. 


90- 
93.5 


.0-3.5 


AN1  : 


Silty,  fine,  gray-brown 
unconsolidated,  numerous  dark  minerals 


3.5-198.3   FT.  UNION  FM. 


3.5-37.5 


SANDSTONE:   Slightly  si 
numerous  dark  minerals ,  hardness  -  3 , 
last  3'  contains  organic  material  - 
no  HC1  reaction. 

37.5-39.0  -  SHALE:   Carbonaceous,  last  1 


brecciated  into  brown  sandstone,  hard- 
ess  3-5,  dark  gray,  no  HC1  reaction 


39.0-60.0  -  SANDSTONE: 


Clayey  and  silty 


in  spots ,  contains  numerous  dark 
minerals,  several  claystone  conglomerate 
zones  at  approximately  57',  crossbeddec 
at  approximately  42'-45',  hardness  3, 
no  to  medium  HC1  reaction. 

iO.0-63.0  -  SHALE:   Silty,  gray,  hardnes 


63.0-93.5  -  SANDSTONE:   Very  fine  grainec 


silty,  clayey  in  spots,  hardness  3-5, 
dark  gray . 

93.5-110.0  -  SHALE:   Carbonaceous,  shows 


slicks,  cracks  upon  drying,  hardness 
4-6,  dark  gray. 


CORE 
LOSS 


■  CORE 
ECOVERY 


Type  of 
Hole  se 
Appro, 
Appro. 
Outside 
Inside  < 


e  of  hole  (X-se 
e  of  core  (X-se 
.  of  cosing  (X- 
of  casing  (X-s< 


,  D  =  D, 
P   =  Packer,   C 

Ex  =  1-1/2", 
.  Ex  =  7/8", 
Ex  =  1-13/16 
Ex  =  1-1/2", 


nd,    H   -  Hays 
Ce 


ellile.   ! 
.ted,   Cl 


Ax  =  1-7/8", 
Ax  =  1-1/8", 
Ax  =  2-1/4", 
Ax  =  1-29/32" 


EXPLANA    TION 


>  Shot.   C  =  Churn 

■  Bottom  of  casing 
Bx  =  2-3/8",    Nx  =  3" 
Bx  =  1-5/8",    Nx  -  2-1/8" 
Bx  =  2-7/8",    Nx  -  3-1/2" 
Bx  =  2-3/8",    Nx  -  3" 
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GROUND  ELEV 
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ED LOGGED  BY.  J :  . f?  i  .Walker log  reviewed  BY.  .  .  N...  £...  Bennett,.  III. 


NOTES  ON  WATER 
LOSSES  AND  LEVELS. 
CASING,  CEMENTING. 
CAVING.  AND  OTHER 
DRILLING  CONDITIONS 


CLASSIFICATION  AND 
PHYSICAL  CONDITION 


110.0-117.8   -    SILTSTONE:      Clayey  grading 
to   sandy,   gray,   hardness   4-5. 

117.8-133.9    -   SANDSTONE:      Very   fine 
grained,    silty,   hardness   4-5,   gray 
with  some  black  carbonaceous  streaking 

:Z".'_"j     133.9-134.5   -   COAL:      Subbituminous . 

~  134.5-143.5  -  SHALE:  Carbonaceous,  upper 
portion  contains  coal  streaks,  hardness 
3-6,    dark   gray. 

143.5-198.3   -   SANDSTONE:      Fine  grained, 
some  calcite  banding  and   iron  staining 
in  upper  1',   tan  to  154.0,  brown  with 
numerous  dark  minerals  154.0-171.0, 
gray   from  171.0-174.0,   brown   from  174 .0- 
198.3,   clayey  from  158.3-159.2. 


Depth 

143.5-145.5 
145.5-150.0 
150.0-154.0 
154.0-171.0 
171.0-174.0 
174.0-198.3 


Hardness 

5-6 
2-4 
5-6 
3-4 
5-6 
3-4 


EXPLANATION 


T,p.  of  hoi. D  =  Diomond.    H   -  Hoyslellite,    S   =  Shot.    C   =  Chu 

Hoi.  s.ol.d    . p  =  Pock.r.   Cm  -  C.mentod,  C5  =  Bottom  of  cosing 

App.ox.  i,i.  of  hoi.  (X-sori.i)  .  .  Ex  =  M    2".         Ax  =  1.7/8",         Bx  a  2-3   8",     N»  =  3" 
Appro.,  ill.  of  cor.  (X-i.M.,)  .  .  Ex  a  7/8",  Ax  =  1-1/8",         Bx  .  1-5/8",    Nx  -  2-1/ 

Out,,d.  dio.  of  co.ing  (X-..ri.«).Ex  =  113    16",    Ax=2-l/4",         Bk  »  2-778",     Nx=3-12" 
In. id.  d.o.  of  co.ing  (X-.en.i).    .  Ex   s   1-1/2",  Ax   -   1-29/32",     Bx    =  2-3/8",     Nx   -  3" 

Red  Rim  Site  pmpta   dim  .. 

PROJECT       LMKJ-A-BLM  STATE  -HypjluAg. 


HOLE  NO.  .  .  HH-AI  • 


A-16 


APPENDIX       B 


COAL 


Table  Bl  . — U.S.G.S.  sample  number,  bed  name,  hole 
number  and  depth  interval  of  core  coal  samples, 


Red  Rim  study  area, 

Carbon  and  Sweetwater  Counties, 

Wyo. 

U.S.G.S. 
Sample  no.      Bed 

Depth  interval 
Hole  no.        (feet) 

D178449 

Si 

E  zone 

1 

81.3-  87.7 

D178450 

9 

53.7-  57.7 

D178451 

—do— 

— do— 

82.2-  85.7 

D178452 

%0- 

4 

125.3-126.8 

D178453 

— do— 

129.5-130.5 

D178454 

— do— 

—do— 

130.7-135.9 

D178455 

— do— 

— do— 

135.9-141.0 

D178456 

E  zone 

2 

39.2-  41.0 

D178457 

— do— 

— do— 

37.9-  38.9 

D178458 

— do— 

— do— 

36.3-  37.9 

D178459 

—do— 

— do— 

41.7-  43.9 

D178460 

-V- 

— do— 

164.7-167.0 

D178461 

— do— 

158.0-163.3 

D178462 

— do— 

— do— 

154.0-158.0 

D178463 

—do— 

— do— 

151.0-154.0 

D178464 

F2H 
— do — 

5 

83.4-  88.8 

D178463 

— do— 

77.8-  82.9 

D178466 

G  zone 

6 

24.0-  25.2 

D178467 

— do— 

— do— 

31.5-  36.0 

D178468 

— do- 

—do— 

42.0-  44.1 

D178469 

ll  zone 

— do— 

137.0-138.5 

D178470 

— do — 

7 

35.6-  39.6 

D178471 

— do— 

40.2-  45.2 
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APPENDIX 


SOIL 


NO.  18-1 


1-93 
17 
1.32 


.  7.7 


LOCATION  300  SOUTH  5  00 

WEST  OF  SE  CORNER  OF 

SE-j-NWl 
4    4 

PM;  CALCAROUS  SOFT  SHALE 
AND  SILTSTONE 


1.44 
3.1 


NO.    18-2 


4.94 

19 


NO.  18-3 


± 


LOCATION   180  NORTH  450 
EAST  OF  SW  CORNER  OF 
SW-+-  SW-jj- 

PM:     SANDSTONE 


LOCATION:   300   NORTH    50 
EAST  OF  SW  CORNER  OF 


PM:   SANDSTONE 


SOIL    PROFILE     KEY 


FRAGMENTED    HYDRAULICS 
CONDUCTIVITY  


SETTLING    VOLUME' 


V 


/EC    (  1  =  5) 
\pH     (CaCLj) 


20 

L 

40 

L 

- 

- 

36 
23 

L       - 

" 

" 

NO.   18-4 


77 


NO.  DH-9 


LOCATION;  600  SOUTH  250 
WEST  OF  NE  CORNER  OF 
NW^-SE^- 

PM:  VALLEY  FILL 


location;  200' north  400' 
east  of  sw  corner  of 
nw-Lne-L 

4         4 
PM:    SOFT    WEATHERED 
SANDY  SHALE 


NO.    18-5 


NO.   DH-IO 


6.60]    SL       \LL 
3,50 


LOCATION:  50  NORTH  500 
EAST  OF  SW  CORNER  OF 


PM;   SOFT  SANDSTONE 

REMARKS:  ROUGH  AND 
BROKEN  TOPOGRAPHY 
GENERALLY  EXCEEDS 
25%  SLOPE 


SL      T7 


NO.   DH-8 


NO. 


52 

19 

>L 

38 
22 

L       ■ 

LOCATION:  300  SOUTH  250 
WEST  OF  NE  CORNER  OF 
NE^-NE-L- 

PM;  VALLEY  FILL 
REMARKS:  SOIL  AGGREGATION 
POORLY   DEFINED 


SOIL    PROFILE    SYMBOLS 


"TOP    OF    GEOLOGIC 
MATERIAL 


Cb 


LS 


SL 


SiL 


CL 


COBBLE 

GRAVEL 

SAND 

LOAMY    SAND 

SANDY    LOAM 

LOAM 

SILT   LOAM 

SANDY  CLAY  LOAM 

CLAY    LOAM 


SiCL 


s  c 


SiC 


Sh 


Ss 


Sis 


MUs 


SILTY    CLAV   LOAM 

SANDY   CLAY 

CLAY 

SILTY    CLAY 

SHALE 

SANDSTONE 

SILTSTONE 

MUDSTONE 


LOCATION;  600    SOUTH  500 
WEST  OFNE  CORNER  OF 
|  I 

4  4 

PM:  MIXED  SANDSTONE  AND 
SHALE 


NO. 


NO. 


NO.  DEPTH  IN  INCHES 


.    18 
.    24 


INFORMATIVE    APPRAISALS 

OVERBURDEN    DEFICIENCIES 


s      SALINITY 

a     SODICITY 

w     WEATHERABILITY 

k      SHALLOW   DEPTH   TO   COARSE    SAND, 

GRAVEL ,  OR     COBBLE 
b      SHALLOW    DEPTH   TO   RELATIVELY 

IMPERVIOUS     SUBSTRATA 
V     VERY   COARSE    TEXTURE  (  SANDS, 

LOAMY    SANDS  ) 
h     VERY   FINE    TEXTURE    (CLAYS) 
q     AVAILABLE    MOISTURE  CAPACITY 
i      INFILTRATION 


p     PERMEABILITY 
x    STONINESS 

TOPOGRAPHY    DEFICIENCIES 

g     SLOPE 

c    SURFACE    ROCKS 

r     BEDROCK    OUTCROPS 


LAND      SUITABILITY     SYMBOLS 


LAND      SUITABILITY    CLASS 


SUITABILITY   OF    SURFACE    LAYER 


THICKNESS    IN    FEET 

SUITABILITY    OF    SECOND     LAYER   EVALUATED 

THICKNESS    IN    FEET   


SOIL    DEFICIENCY 

TOPOGRAPHIC    DEFICIENCY 

DEFICIENCY  OF    SURFACE    LAYER 
DEFICIENCY   OF   SECOND   LAYER 
-  DEFICIENCY  OF    GEOLOGIC  MATERIAL 
TOPOSRAPHIC     DEFICIENCY 
THICKNESS   OF    SAMPLED    OEOLOOIC   MATERIAL 
SUITABILITY   OF   9E0L09IC    MATERIAL 


TWP     19  hi     SFT. 


RANGE   90W 


DIVIDES     SOIL  MATERIAL     AND     NON-SOIL' 
MATERIAL 


r-Lj 

0  500  100 


2000 


SCALE:  I    =    1000 

RED  RIM  STUDY  AREA  -  WYOMING 


i$  MiMvs  Tuinx  SAf  CTY 


UNITED    STATES 

DEPARTMENT  OF  THE    INTERIOR 

BUREAU    OF    RECLAMATION 

LAND         SUITABILITY 

LANDS  WERE  CLASSIFIED  FOR  THEIR  SUITABILITY  AS. A 
SOURCE   OF  PLANTING  MEiDIA 


oeSIOMID  JLC  LAU&MER__  _SUBMITT€D^  _ 

dhawm  .  tS-  k^MPfit ntcommiHOto  - 

CneCK£D-T_  CAPPELLUCCI     _*ppHOV£0 


LM     REGION,  DEN.,  COLO.  |     FIGURE     cT 


C-l 


NO.   8-1 


16 

SL 

2  94 

SL 

' 

18 

2.60 

19 

SL 

- 

2.72 

- 

IS 

SL 

- 

L°*  LOCATION   300'NORTH  350' 

SOUTH  OF   SE  CORNER  OF 


PM:AEOLIAN  DEPOSITION 


NO.    8-2 


16 

LS 

" 

2  98 

19 

SL   - 

- 

— 

1.14 

" 

20 

SL   ' 

" 

NO.    8-3 


105 
8,0 


location  :  400  south  200' 
east  of  nw  corner  of 
n4se| 

4         4 

PM:  ALLUVIUM 

remarks:  COARSER 
TEXTURED  THAN  MOST  OF 
SURROUNDING   AREA 


LOCATION:  500  SOUTH  450 
EAST  OF  NW  CORNER  OF 

S4SET 

4  4 

PM!  ALLUVIUM 

REMARKS!  VISUAL 
OBSERVATION  OF  EXISTING 
VEGETATION  AND  SOIL 
CONDITION   PRECLUDE 
FURTHER  SAMPLING 


SOIL    PROFILE     KEY 


FRAGMENTED    HYDRAULIC\ 
CONDUCTIVITY  


SETTLING    VOLUME' 


/EC    (1  =  5) 
\PH     (CaClg) 


"TOP    OF    GEOLOGIC 
MATERIAL 


NO.    DH-7 


NO. 


4  2 

20 

" 

,9  2 
22 

- 

" 

oe 

— 

25 

. 

- 

72 

. 

'9 

NO. 


NO. 


Cb 


LS 


SL 


SiL 


LOCATION:  200  NORTH  250 

WEST  OF  SE  CORNER  OF 

SE-7NW-L 
4  4 


SCL 


CL 


NO. 


NO. 


SOIL    PROFILE    SYMBOLS 


COBBLE 

GRAVEL 

SAND 

LOAMY    SAND 

SANDY    LOAM 

LOAM 

SILT   LOAM 

SANDY  CLAY  LOAM 

CLAY    LOAM 


SiCL 


s  c 


SiC 


Sh 


Ss 


Sis 


MUs 


SILTY    CLAY   LOAM 

SANDY    CLAY 

CLAY 

SILTY    CLAY 

SHALE 

SANDSTONE 

SILT  STONE 

MUDSTONE 


NO. 


NO. 


NO.  DEPTH  IN  INCHES 


.    24 
_    30 


INFORMATIVE    APPRAISALS 

OVERBURDEN    DEFICIENCIES 


s      SALINITY 

a     SODICITY 

w     WEATHERABILITY 

k      SHALLOW   DEPTH   TO  COARSE    SAND, 

GRAVEL,  OR     COBBLE 
b      SHALLOW    DEPTH   TO   RELATIVELY 

IMPERVIOUS     SUBSTRATA 
v     VERY   COARSE     TEXTURE  (  SANDS, 

LOAMY    SANDS) 
h     VERY   FINE    TEXTURE    (CLAYS) 
q     AVAILABLE    MOISTURE  CAPACITY 
i      INFILTRATION 


p     PERMEABILITY 
*    STONINESS 

TOPOGRAPHY    DEFICIENCIES 

g     SLOPE 

c    SURFACE    ROCKS 

r     BEDROCK    OUTCROPS 


0 


8t3^  I    6it 

6,  1   1  ' 

-sT0' 


LAND      SUITABILITY     SYMBOLS 


LAND      SUITABILITY    CLASS 


SUITABILITY   OF    SURFACE    LAYER 


THICKNESS    IN    FEET 
SUITABILITY    OF    SECOND     LAYER 
THICKNESS    IN    FEET 


SOIL    DEFICIENCY 

TOPOGRAPHIC    DEFICIENCY 

DEFICIENCY  OF    SURFACE    LAYER 
DEFICIENCY  OF   SECOND   LAYER 
-  DEFICIENCY  OF    GEOLOGIC   MATERIAL 
TOPOGRAPHIC     DEFICIENCY 
THICKNESS   OF    SAMPLED    GEOLOGIC  MATERIAL 
SUITABILITY   OF    GEOLOGIC    MATERIAL 

twp   I9N   SEC._§ RANGE     90W 


DIVIDES     SOIL  MATERIAL     AND     NON-SOIL' 
MATERIAL 


500 


1000 


2000 


SCALE:    I     =    1000 

RED  RIM  STUDY  AREA  -  WYOMING 


$  MiMvi  TMinx  SAf  ETY 


UNITED    STATES 

DEPARTMENT  OF  THE    INTERIOR 

BUREAU    OF    RECLAMATION 

LAND         SUITABILITY 

LANDS  WERE  CLASSIFIED  FOR  THEIR  SUITABILITY  AS  A 
SOURCE   OF   PLANTING  MEDIA 


OCSISMCOM-C  LAUgME_R_  _  _SUBMlTTtO-  - 

OlttWIt  -  WS-  k*MPN€t KCCOMMCHOeD  . 

CHE  CUE  D.T_C4fiPELLVCCI_     APPROVED 


LM     REGION,  DEN., COLO. 


FIGURE    C2 


C-2 


NO.   4-1 


19 

SL 

1 

6.00 

I 

20 

SL     _ 

4.3  2 

20 

SL    _ 

( 

2-24 
18 

SL 

location:  i50'n0rth550' 
west  of  se  corner  of 
ne|se-L 

pm:  valley  fill  (ALLUVIUM) 


NO.    4-2 


— T9" 

SL 

12 

SCL 

) 

4.42 
20 

SL 

1 

2.72 
22 

SL     . 

— 

2.50 

21 

SANDY 
SHALE 

1 

LOCATION:  350'SOUTH  15  o' 

EAST  OF  NW  CORNER  OF 

NE-L-  NE-Jr 
4  4 

PM:  SANDY  SHALE 

REMARKS.  BIRDS  FOOT  SAGE, 
STRONG  MEDIUM  COLUMNAR 
STRUCTURE 


NO.   DH-5 


34 

1 

47 

40 

7 

.31 

33 

■ 

.06 
36 

LOCATION  150'  SOUTH  150' 
WEST  OF  NE  CORNER  OF 
SE-^-NW^- 

PM:  SANDSTONE 


SOIL    PROFILE     KEY 


FRAGMENTED    HYDRAULICS 
CONDUCTIVITY  


SETTLING    VOLUME' 


V 


/EC    (I  --5) 
\pH     (Co  CI, 


NO.    DH-6 


NO. 


<£  L0CATI0N:400' SOUTH  300' 

EAST  OF  NW  CORNER  OF 
SW^-SW-L 


PM:ALLUVIUM 


NO. 


NO. 


"TOP    OF    GEOLOGIC 
MATERIAL 


Cb 


Gr 


LS 


SL 


SiL 


CL 


NO. 


NO. 


SOIL    PROFILE    SYMBOLS 


COBBLE 

GRAVEL 

SAND 

LOAMY   SAND 

SANDY    LOAM 

LOAM 

SILT  LOAM 

SANDY  CLAY  LOAM 

CLAY    LOAM 


SiCL 


S  C 


SiC 


SK 


Ss 


Sis 


MUs 


SILTY    CLAY   LOAM 

SANDY   CLAY 

CLAY 

SILTY    CLAY 

SHALE 

SANDSTONE 

SILTSTONE 

MUDSTONE 


NO. 


NO. 


NO.   DEPTH  IN  INCHES 


INFORMATIVE    APPRAISALS 

OVERBURDEN    DEFICIENCIES 


C-3 


SALINITY 

SODICITY 

WEATHERABILITY 

SHALLOW   DEPTH   TO  COARSE    SAND, 

GRAVEL,  OR     COBBLE 

SHALLOW    DEPTH   TO   RELATIVELY 

IMPERVIOUS     SUBSTRATA 

VERY   COARSE     TEXTURE  (SANDS, 

LOAMY    SANDS  ) 

VERY  FINE    TEXTURE    (CLAYS) 

AVAILABLE    MOISTURE  CAPACITY 

INFILTRATION 


p     PERMEABILITY 
x    STONINESS 


LAND      SUITABILITY     SYMBOLS 


LAND      SUITABILITY    CLASS 


SUITABILITY   OF    SURFACE    LAYER 


DIVIDES     SOIL   MATERIAL     AND     NON-SOIL 
MATERIAL 


THICKNESS    IN    FEET 

SUITABILITY    OF    SECOND     LAYER   EVALUATI 

THICKNESS    IN    FEET 


SOIL    DEFICIENCY 
—  TOPOGRAPHIC    DEFICIENCY 

DEFICIENCY  OF    SURFACE    LAYER 
DEFICIENCY  OF   SECOND   LAYER 
-DEFICIENCY  OF   GEOLOGIC   MATERIAL 
TOPOGRAPHIC    DEFICIENCY 
THICKNESS   OF    SAMPLED    GEOLOGIC  MATERIAL 
SUITABILITY   OF    GEOLOGIC    MATERIAL 

TWP    I9N  SEC._5_  RANGE   90W 


TOPOGRAPHY    DEFICIENCIES 

g    SLOPE 

c     SURFACE    ROCKS 

r    BEDROCK    OUTCROPS 


rL_r 


500 


1000 


2000 


SCALE  I   l':   1000' 
RED  RIM  STUDYAREA  -  WYOM  ING 


$  «jumv«  tmiok  SAf  €TY 


UNITED   STATES 

DEPARTMENT  OF  THE    INTERIOR 

BUREAU    OF    RECLAMATION 

LAND         SUITABILITY 

LANDS  WERE  CLASSIFIED  FOR  THEIR  SUITABILITY  AS  A 
SOURCE  OF  PLANTING  MEDIA 


oesiGNloJKC  LAUMMER submit  Tea 

DRAWN  .  VJL  LAUBNER HecomitCriDCO 

cueCKCDJ-CAJtPELLUCCI       tpPR0VCD 

LM     REGION,  DEN.,  COLO.  I     FIGURE     C3 


NO.  34-1 


^09 


10 
-    70 


location:  500  NORTH  150 
WEST  OFSE  CORNER  OF 


pm;  valley  fill  (alluvium) 


NO.    34-2 


4*- 


-L25 


IT 


LOCATION!  200   NORTH400 
WEST  OFSE  CORNER  OF 

NE-jr-  SW-f" 
4  4 

PM:  VALLEY  FILL   (ALLUVIUM) 


NO.    34-3 


JJS 


1.16 
25 


«6 


LOCATION.  600  SOUTH  450 
EAST  OF  NW  CORNER  OF 

SW—  sw-J- 

4  4 

PM:  SHALE 


SOIL    PROFILE     KEY 


FRAGMENTED    HYDRAULiC\ 
CONDUCTIVITY  


SETTLING    VOLUME' 


V 


/EC   (1=5) 
\pH     (CoClg) 


NO.  DH-  2 


20 

SL 

4.14 
21 

SL 

_L±2. 
19 

.70 
21 

L    _ 

4  4 
21 

CL       . 

jl5_ 


LOCATION:  250  SOUTH  500 
EAST  OF  NW  CORNER  OF 


PM:  HARD  CALCAREOUS  SAND 


NO.  DH-  3 


240 

,13 

SI 

1.84 
19 

SL     ' 

.16 
7.6 

-2ZS. 
19 

Si 

.16 
78 

LOCATION:  I50'S0UTH200' 
WEST  OF  NE  CORNER  OF 


NE 


PM:  VALLEY  FILL  (ALLUVIUM) 
REMARKS    NEEDLELFAF  SEDGE, 

NEEDLE  AND  THREAD, INDIAN 

RICEGRASS. 


NO.    DH-4 


SL 

1.36 

" 

25 

SL     - 

.96 

SL  " 

20 

■ 

- 

location:  ioo'  south  5001 
east  of  ne  corner  of 


PM:  SOFT  CALCAREOUS 
SANDSTONE 


SOIL    PROFILE    SYMBOLS 


"TOP    OF    GEOLOGIC 
MATERIAL 


Cb 


Gr 


LS 


SL 


SiL 


SCL 


COBBLE 

GRAVEL 

SAND 

LOAMY    SAND 

SANDY    LOAM 

LOAM 

SILT   LOAM 

SANDY  CLAY  LOAM 

CLAY    LOAM 


SiCL 


S  C 


Sh 


S> 


Sis 


MUs 


NO. 


NO. 


NO. 


SILTY    CLAY   LOAM 

SANDY   CLAY 

CLAY 

SILTY    CLAY 

SHALE 

SANDSTONE 

SILT  STONE 

MUDSTONE 


NO. 


NO. 


NO.  DEPTH  IN  INCHES 


48 
-    54 


LAND      SUITABILITY     SYMBOLS 

-SOIL    DEFICIENCY 

-TOPOGRAPHIC    DEFICIENCY 


LAND      SUITABILITY    CLASS 


SUITABILITY    OF    SURFACE    LAYER 


THICKNESS    IN    FEET 

SUITABILITY    OF    SECOND     LAYER  EVALUATt 

THICKNESS    IN    FEET 


INFORMATIVE    APPRAISALS 

OVERBURDEN    DEFICIENCIES 


DEFICIENCY  OF    SURFACE    LAYER 
DEFICIENCY  OF  SECOND   LAYER 
-  DEFICIENCY  OF    9EOU0SIC  MATERIAL 
TOPOSRAPHIC     DEFICIENCY 
THICKNESS  OF    SAMPLED    GEOLOGIC  MATERIAL 
SUITABILITY    OF    GEOLOGIC    MATERIAL 

TWP^fiH  SEC    34      RANGE    90W 


DIVIDES     SOIL   MATERIAL     AND    NON-SOIL' 
MATERIAL 


s      SALINITY 

a     SODICITY 

w     WEATHERABILITY 

k      SHALLOW   DEPTH   TO  COARSE    SAND, 

GRAVEL ,  OR    COBBLE 
b      SHALLOW    DEPTH   TO   RELATIVELY 

IMPERVIOUS     SUBSTRATA 
w     VERY   COARSE     TEXTURE  (SANDS, 

LOAMY    SANDS  ) 
h     VERY  FINE    TEXTURE    (CLAYS) 
q     AVAILABLE    MOISTURE  CAPACITY 
i      INFILTRATION 


p     PERMEABILITY 
x    STONINESS 

TOPOGRAPHY    DEFICIENCIES 

g    SLOPE 

c    SURFACE    ROCKS 

r    BEDROCK    OUTCROPS 


0  500  1000  2000 

scale:  i"=  1000' 
REDRIMSTUDYAREA-  WYOMING 


<$  mumvs  minx  SAf  CTY 


UNITED   STATES 

DEPARTMENT  OF  THE    INTERIOR 

BUREAU    OF    RECLAMATION 

LAND         SUITABILITY 

LANDS  WERE  CLASSIFIED  FOR  THEIR  SUITABILITY  AS  A 
SOURCE   OF    PLANTING   MEDIA 


disigncdJCC  i-AU§IIEji_ susmittco 

oa**H .  9JL  k*M?NER necouMiHoco . 

chccked  J_CAJ>_PEiLUCCi     ttvaoveo 


LM     REGION,  DEN.,  COLO. 


FIGURE     C4 


C-4 


NO.  28-3 


7^ 


NO. 


NO. 


"Z5~ 

SL 

.96 

SL 

20 

" 

.64 

SL 

23 

52 

SL 

23 

- 

.27 

" 

22 

Sit     - 

h£-  PM.' SOFT  GRAYISH  SILTSTONE 


NO.  DH-I 


1.94 
18 

SL 

" 

' 

4.00 
20 

LS  ~~ 

- 

" 

NO. 


NO. 


NO. 


PM!  ALLUVIUM 


NO. 


NO. 


SOIL    PROFILE     KEY 


SOIL    PROFILE    SYMBOLS 


FRAGMENTED    HYDRAULIC\ 
CONDUCTIVITY  


SETTLING    VOLUME' 


V 


/EC    (  1=5) 
\PH     (CaClg) 


"TOP    OF    GEOLOGIC 
MATERIAL 


Cb 


Gr 


LS 


SiL 


SCL 


COBBLE 

GRAVEL 

SAND 

LOAMY    SAND 

SANDY    LOAM 

LOAM 

SILT   LOAM 

SANDY  CLAY  LOAM 

CLAY    LOAM 


SiCL 


s  c 


SiC 


SK 


Ss 


Sis 


MUs 


SILTY    CLAY   LOAM 

SANDY    CLAY 

CLAY 

SILTY    CLAY 

SHALE 

SANDSTONE 

SILTSTONE 

MUDSTONE 


NO. 


NO. 


NO.  DEPTH  IN  INCHES 


is 

24 
—    30 

-  36 

48 

-  54 


THICKNESS    IN    FEET 

SUITABILITY    OF    SECOND     LAYER   EVALUATED 

THICKNESS    IN    FEET 


INFORMATIVE    APPRAISALS 

OVERBURDEN    DEFICIENCIES 

s      SALINITY 

a     SODICITY 

w     WEATHERABILITY 

k      SHALLOW   DEPTH   TO  COARSE    SAND, 

GRAVEL ,  OR     COBBLE 
b      SHALLOW    DEPTH   TO   RELATIVELY 

IMPERVIOUS     SUBSTRATA 
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SCREENABLE  SOIL  CHARACTERIZATION 
AS  RELATED  TO 
LAND  RECLAMATION 

By 
William  B.  Peters,  Luvern  L.  Resler,  and  Robert  Vader  1/ 

Soil  is  characterized  by  laboratory  methods  to  confirm  judgment  in  field 
appraisals.   There  is  a  tendency  among  most  laboratory  activities  to 
"over  test";  i.e.,  perform  too  many  or  unnecessary  tests  on  certain 
soils  at  the  expense  of  not  performing  essential  or  critical  testing  on 
particular  samples.   Also,  laboratory  activities  tend  to  emphasize  com- 
prehensive analyses  of  samples  from  master  sites  and  neglect  selection, 
sequence,  and  quality  control  in  mass  testing  performed  on  a  screenable 
basis.   The  latter-type  testing  is  frequently  handled  as  routine  work 
utilizing  the  least  dependable  personnel  and  considered  not  worthy  of 
competent  and  close  supervision.   Thus,  too  often  the  screenable  labo- 
ratory testing  becomes  a  liability  rather  than  an  asset  in  supporting 
land  classification  surveys.   Because  the  screenable  testing  represents 
coverage  of  areas  involving  a  high  sampling  density,  it  serves  as  an 
extremely  important  input  into  land  categorization.   Therefore,  it 
should  be  administered  for  performance  with  respect  to  both  quality  and 
quantity  commensurate  with  the  goals  and  objectives  of  the  investigation. 

The  objective  of  characterizing  soil  and  overburden  will  be  to  support 
judgment  in  estimating  land  reclamation  potential.   (Overburden  refers 
to  the  material  consolidated  or  unconsolidated  overlying  minable  resources 
in  relation  to  surface  mining.)   Thus,  the  laboratory  analyses  must  be 
performed  on  an  action  program  basis  and  serve  a  practical  purpose. 
Therefore,  it  is  essential  the  physical  and  chemical  characteristics  of 
the  soil  and  overburden  be  appraised  in  relation  to  edaphology;  i.e., 
a  medium  suitable  for  the  support  of  plant  growth,  rather  than  pedology. 

Because  the  laboratory  studies  should  serve  to  support  field  appraisals, 
all  laboratory  work  should  be  closely  coordinated  with  fieldwork.   For 
full  effectiveness,  laboratory  studies  must  be  preceded  by  field  studies. 
The  number  and  type  of  studies  will  be  determined  by  area  conditions  - 
particularly  variability,  the  controlling  project  specifications,  and 
needs.   There  should  be  a  joint  plan  between  field  and  laboratory  inves- 
tigations prior  to  taking  of  samples  if  maximum  utilization  of  data  is 


1/  Head  and  Soil  Scientists,  respectively,  Land  Utilization  Section, 
Resource  Analysis  Branch,  Division  of  Planning  Coordination,  U.S. 
Department  of  the  Interior,  Bureau  of  Reclamation,  Denver,  Colorado,  U.S. A 
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to  be  obtained.   Problems  should  be  studied  rattier  than  standard  or 
routine  tests  made  [Kellogg,  1962]. 

In  submitting  soil  samples  for  laboratory  characterizations,  the  labo- 
ratory should  be  furnished  with  pertinent  field  appraisals  along  with 
the  tentative  land  utilization  and  quality  designation.   The  soil  and 
subsoil  samples  should  represent  genetic  horizons  with  no  more  than 
60-cm  depth  per  sample.   Substrata  samples  should  represent  uniform 
overburden  with  no  more  than  200  cm  per  sample  unless  drill  hole  diam- 
eters preclude  obtaining  sufficient  material  for  laboratory  and  green- 
house studies. 

The  first  priority  in  laboratory  characterization  should  be  accomplished 
by  direct  and  indirect  measurements  for  evaluating  soil  structure  and 
its  stability,  soil-cation-exchange  capacity  or  surface  area,  and  soil 
reaction.   After  this  is  accomplished,  then  consideration  should  be  give 
to  testing  that  confirms,  explains  the  causes  of  phenomena  previously 
observed  or  predicted,  reveals  the  presence  of  toxic  elements  (salinity 
level,  boron  content,  alkali,  acidity,  reduction  products,  etc.),  and 
indicates  what  and  how  much  is  required  to  cope  with  the  soil  deficiency 
under  eventual  field  conditions  and  the  moisture  regimen  expected  to 
prevail  {Peters,  1965] . 

Based  on  present  knowledge  of  the  area,  the  support  characterizations 
should  include  field  measurements  for  water  movement  and  retention  in 
soil  and  laboratory  determinations  for  structure  stability  [Gardner, 
1945]  through  measurements  of  floe  volume  and  hydraulic  conductivity  of 
fragmented  samples;  moisture  retentivity  at  15-bars  pressure;  soil 
reaction  by  measurement  of  pH  in  water  and  neutral  salt  solution;  soil 
salinity  by  measurement  of  specific  electrical  conductance  of  soil-water 
extracts;  soil  solution  concentration  and  composition  including  sodiur.i 
and  calcium  plus  magnesium;  cation  exchange  capacity;  exchangeable  catio 
status;  residual  gypsum;  gypsum  requirement;  acid  soluble  carbonates; 
and  others. 

Samples  collected  in  a  reduced  state  may  be  alkaline  or  neutral  while 
reduced,  but  acid  when  oxidized.   Therefore,  we  should  be  on  the  "look- 
out" for  such  conditions  and  characteristics  and  assure  reduced  material 
is  also  analyzed  in  an  aerated  condition.   Samples  exhibiting  acidity 
upon  oxidation  should  be  further  analyzed  to  ascertain  reduction  prod- 
ucts associated  with  the  observed  phenomenon. 

Should  conventional  acidity;  i.e.,  other  than  oxidation  product,  be 
encountered,  the  testing  will  be  expanded  to  include  acidity  by  measure 
ment  of  neutral  salt  exchange  acidity  including  aluminum,  titratable 
acidity  (amount  of  acidity  neutralized  at  a  selected  pll)  ,  and  soluble 
aluminum. 
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In  screenable  testing,  the  characterization  for  moisture  retentivity  at 
pressures  less  than  15  bars  is  not  recommended  unless  a  suitable  use  can 
be  established.   Measurements  of  moisture  retentivity  at  15-bars  pressure 
are  recommended  because  water  content  at  this  potential  is  usually  cor- 
related with  several  characteristics  including  amount  and  kind  of  clay, 
surface  area,  and  cation  exchange  capacity.   Moisture  percentages  at 
this  potential  would  probably  not  be  applicable  in  simulating  water 
content  at  wilting  for  native  vegetation. 

In  initial  screening,  diluted  soil-water  suspensions  may  be  substituted 
for  the  time-consuming,  saturated  soil  extracts  in  measuring  electrical 
conductance  provided  limitations  are  ascertained.   The  reliability  of 
higher  moisture  contents  even  as  a  tool  in  screening  depends  on  the  kind 
of  salts  present.   For  chloride  salts,  the  results  will  be  only  slightly 
affected  by  the  moisture  content,  but "if  sulfate  or  carbonate  salts, 
which  have  relatively  low  solubility,  are  present  in  appreciable  quan- 
tities, the  apparent  amount  of  soluble  salt  will  depend  on  the  soil-water 
ratio  [Richards,  1954]. 

We  do  not  concur  in  the  practice  of  characterizing  vast  numbers  of  sam- 
ples for  textural  class  through  measurements  of  particle-size  distribu- 
tion.  This  blanket  laboratory  analysis  for  soil  textural  class  is 
neither  required  nor  desired.   Particle-size  analysis  should  be  limited 
to  master  site  characterization,  the  occasional  confirmation  of  field 
textural  appraisals,  and  the  training  of  new  employees. 

In  the  screenable  characterization  of  samples,  a  procedure  for  the 
sequence  of  testing  and  screening  of  samples  should  encompass  the  fol- 
lowing phases.   Under  Phase  I  of  the  scheme,  all  samples  would  be  char- 
acterized for  (1)  soil  structure  stability  through  measurement  of 
hydraulic  conductivity  on  a  fragmented  sample  basis  during  the  6th  and 
24th  hours  and  volume  of  wet  settled  floccules,  (2)  moisture  retentivity 
at  15-bars  pressure,  (3)  electrical  conductivity  of  soil-water  extract, 
and  (4)  pH  in  water  and  in  0.01  molar  calcium  chloride  solution. 

In  the  second  phase,  selected  samples  suspected  through  the  testing 
results  of  Phase  1  to  be  salt  affected  should  be  characterized  for 
electrical  conductivity  of  the  saturation  extract  and  sodium  adsorption 
ratio. 

In  the  third  phase,  selected  samples  suspected  through  the  testing 
results  of  Phases  I  and  II  to  be  salt  affected  with  respect  to  sodium 
will  be  tested  for  either  gypsum  requirement  or  residual  gypsum,  depend- 
ing on  salinity  levels  and  associated  pH  values.   Residual  gypsum  will 
be  estimated  by  measuring  calcium  plus  magnesium  in  a  1:5  soil-water 
ratio  extract  and  reported  in  milliequivalents  per  100  grams. 
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In  the  fourth  phase,  selected  samples  suspected  through  testing  results 
of  Phase  I  to  be  highly  acid  and  low  in  base  saturation  and  nonsalino 
should  be  further  characterized  for  bases  specifically  sodium  and  calcii 
plus  magnesium  and  acidity  including  the  aluminum  component  extractable 
with  a  neutral  salt;  i.e.,  1.0N  potassium  chloride.   This  will  enable 
computation  of  effective  soil-cation-exchange  capacity;  i.e.,  CF.C  at 
soil  pH  and  the  exchangeable  aluminum  percentage  of  this  CEC. 

In  the  fifth  phase,  selected  samples  having  been  characterized  during 
Phases  I,  II,  and  IV  to  be  saline  acid  would  be  characterized  for  solub 
aluminum. 

The  above-described  characterization  program  would  not  preclude  testing 
on  a  "complete  analysis"  basis  on  samples  from  master  sites. 
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Laboratory   Procedures 

Carbonate  and  bicarbonate  were  determined  in  saturation  extract  by 
titration  with  a  weak  acid  solution  and  chloride  was  determined  in 
saturation  extract  by  Mohr  volumetric  method  (Bower,  C.  A.  and 
L.  V.  Wilcox,  1965.   Soluble  Salts.   In  C.  A.  Black,  et  al.,  Methods 
of  Soil  Analysis,  Agronomy  No.  9,  American  Society  of  Agronomy, 
62-1.3.2.1,  62-3.4.2,  and  62-3.5.2). 

Cation-exchange  capacity  was  measured  at  pH  8.2  by  sodium  saturation, 
washing  with  isopropyl  alcohol,  and  extraction  with  ammonium  acetate 
(Chapman,  H.  D.,  1965.   Cation  Exchange  Capacity.   In  C.  A.  Black, 
et  al.,  Methods  of  Soil  Analysis,  Part  2,  Agronomy  No.  9,  American 
Society  of  Agronomy,  57-3). 

Gypsum  determined  by  increase  in  soluble  calcium  plus  magnesium 
content  upon  dilution  (Richards,  et  al. ,  1954.   Diagnosis  and 
Improvement  of  Saline  and  Alkali  Soils.   USDA  Agricultural  Handbook 
No.  60,  22c:104). 

Hydraulic  conductivity  was  measured  on  fragmented  samples  in  plastic 
permeameters  of  1-inch  inside  diameter  under  conditions  of  2:1 
constant  head  (USDI  Bureau  of  Reclamation  Instructions,  517.7.3). 

Soil  pH  in  1:5  soil-water  ratio  suspension  was  measured  by  glass 
electrode  and  transistor  voltmeter  (Peech,  Michael,  1965.   Soil  pH 
by  Glass  Electrode  pH  Meter.   In  C.  A.  Black,  et  al.,  Methods  of 
Soil  Analysis,  Part  2,  Agronomy  No.  9,  American  Society  of  Agronomy, 
60-3.4. 

Neutral  salt  exchange  acidity  and  exchangeable  aluminum  were 
determined  by  extraction  with  IN  KC1  and  double  titration  with  strong 
base  and  strong  acid,  respectively  (McLean,  E.  0.,  1965.   Aluminum. 
In  C.  A.  Black,  et  al.,  Methods  of  Soil  Analysis,  Part  2,  Agronomy 
No.  9,  American  Society  of  Agronomy,  67-3.2,  67-3.5). 

Particle-size  analysis  was  by  the  sieve  and  pipette  method  without 
removal  of  organic  matter  and  insoluble  carbonates  using  sodium 
metaphosphate  for  attaining  dispersion  (Day,  Paul  R. ,  1965.   Particle 
Fractionation  and  Particle-Size  Analysis.   In  C.  A.  Black,  et  al., 
Methods  of  Soil  Analysis,  Part  1,  Agronomy  No.  9,  American  Society 
of  Agronomy,  43-4.3.1,  43-4.3.3,  43-4.3.5,  and  43-4.3.6). 

Soil  pH  in  1:2  soil  0.01M  CaCl  solution  ratio  was  measured  by  glass 
electrode  and  transistor  voltmeter  (Peech,  Michael,  1965.   Soil  pH 
by  Glass  Electrode  pH  Meters.   In  C.  A.  Black,  et  al.,  Methods  of 
Analysis,  Part  2,  Agronomy  No.  9,  American  Society  of  Agronomy, 
60-3.5). 

Soluble  salts  were  estimated  by  measuring  electrical  conductivity  of 
saturation  extract  (Bower,  C.  A.  and  L.  V.  Wilcox,  1965.   Soluble 
Salts.   In  C.  A.  Black,  et  al.,  Methods  of  Soil  Analysis,  Part  2, 
Agronomy  No.  9,  American  Society  of  Agronomy,  62-1.3.2.1  and  62-2.2). 
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Water  retcntivity  of  soil  was  measured  at  15  bars  pressure  using 
ceramic  plate  or  plastic  membrane  (Richards,  h.    A.,  1965.   Physical 
Condition  of  Water  in  Soil.   In  C.  A.  Black,  et  al.,  Methods  of 
Soil  Analysis,  Part  1,  Agronomy  No.  9,  American  Society  of  Agronomy, 
8-2.3). 
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RESULTS  IN  GREENHOUSE  STUDIES 

CHARACTERIZATION  OF  STRATA  OVERLYING 
COAL  SEAMS  AS  PLANT  GROWTH  MEDIA 


This  greenhouse  study*was  carried  out  in  cooperation  with  and 
supplements  ongoing  work  of  the  U.S.  Bureau  of  Reclamation  and  the 
U.S.  Bureau  of  Land  Management.  . 


Contract  6-07-DR-50310  U.S.  Bureau  of  Reclamation 


Prepared  by 
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Department  of  Agronomy 
Colorado  State  University 
Fort  Collins,  Colorado   80523 

January  1977 


*  Only  excerpts  from  this  study  which  pertain  to  the  Red  Rim  study  area 
are  presented. 
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ABSTRACT 

Western  wheatgrass  was  grown  on  overburden  samples  from  six 
potential  federal  coal  lease  sites: 

1.  Bear  Creek,  Montana 

2.  Horse  Nose  Butte,  North  Dakota 

3.  Red  Rim,  Wyoming 

4.  Bisti  West,  New  Mexico 

5.  Foidel  Creek,  Colorado 

6.  White  Tail  Butte,  Wyoming 

These  samples  included  soil  profile  samples  and  geologic  samples 
from  core  holes  drilled  by  the  U.S.  Bureau  of  Reclamation.  In  this 
greenhouse  study,  2.0  kg  of  each  overburden  sample  was  weighed  into 
two  pots  and  the  samples  were  fertilized  with  100  ppm  nitrogen  and 
80  ppm  phosphorus. 

Large  differences  in  yield  were  found  among  overburden  and  soil 
samples  from  all  six  sites.  Yields  ranged  from  0.01  g  to  4.65  g/pot. 
Relative  yields  were  calculated  as  percentage  of  the  yield  of  the 
standard  soil  (Platner  series).  Relative  yields  below  33%  were  con- 
sidered low,  between  33  and  67%  medium,  and  above  67%  high.  The 
percentage  of  geologic  and  soil  samples  in  each  range  were: 

Geologic  Soils 

Low             26%  20% 

Medium          52%  51% 

High            22%  29% 

Textures  of  the  overburden  ranged  from  yery   coarse  to  wery   fine, 

pH  values  ranged  from  3.3  to  10.1,  and  electrical  conductivities 

ranged  up  to  21  mmhos/cm. 


n 
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INTRODUCTION 

In  the  past,  surface  mining  for  coal  generally  resulted  in 
burying  of  the  soil  and  then  attempts  were  made  to  revegetate  the 
spoil.  The  spoil  left  exposed  was  usually  from  the  stratum  directly 
overlying  the  coal  seam  and  often  was  not  a  suitable  plant  growth 
medium. 

It  is  visualized  that  in  future  surface  mining  operations,  the 
soil  will  be  conserved  and  replaced.  However,  on  some  sites  the 
soil  will  be  thin  or  less  suitable  as  a  plant  growth  medium  than 
spoil  generated  from  certain  overburden  strata.  The  objective  of 
this  study  was  to  evaluate  the  suitability  of  overburden  as  plant 
growth  media. 

This  greenhouse  study  was  a  portion  of  a  larger  study  carried 
out  by  the  Bureau  of  Reclamation  in  coring  and  characterizing  over- 
burden on  potential  federal  coal  lease  sites.  This  report  is  on  the 
Bear  Creek,  Horse  Nose  Butte,  Red  Rim,  Bisti  West,  Foidel  Creek,  and 
White  Tail  Butte  EMRIA  sites.  A  previous  report  was  on  the  Alton, 

Hanna  Basin,  Otter  Creek,  and  Taylor  Creek  EMRIA  sites. 
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METHODS 

Field  Capacity 

The  initial  task  in  the  greenhouse  study  was  to  determine  the 
field  capacity  of  the  overburden  samples.  The  equipment  used  to 
determine  field  capacity  was:  plastic  tubes  1  3/4  inches  in  dia- 
meter, plastic  cups,  and  plastic  sheets.  Four  hundred  grams  of  each 
overburden  sample  was  weighed  and  placed  in  the  plastic  cylinders 
which  had  been  sealed  at  the  bottom  by. a  plastic  sheet,  and  packed 
by  tapping  the  side  of  the  cylinder.  Twenty  milliliters  of  water 
was  then  added  (5%  of  the  overburden  by  weight)  and  the  top  was 
sealed  with  a  plastic  sheet.  After  24  hours,  the  bottom  plastic 
sheet  was  removed  and  the  dry  overburden  fell  into  the  plastic  cup, 
leaving  the  moist  overburden  in  the  cylinder.  The  dry  overburden 
was  weighed  and  the  field  capacity  (FC)  calculated  by  the  following 
equation: 

20  g  H90 
FC  =  * x  100 

400  g  -  Weight  of  dry  overburden 

The  field  capacity  percentage  was  the  basis  for  the  amount  of 
water  each  pot  received  daily. 

Fertilizer  Treatments 

Two  thousand  grams  of  each  overburden  and  soil  sample  were 

weighed  into  each  of  two  pots.  Each  pot  was  fertilized  with  100  ppm 

of  nitrogen  as  reagent  grade  Ca(N0-J~  and  80  ppm  phosphorus  as 

reagent  grade  Ca^PO.)  -FLO.  The  reagents  were  added  in  solution 

as  10  and  50  ml  aliquots  respectively,  then  mixed  into  the  soils  and 

overburden.  Where  sufficient  soil  material  was  not  available  for  a 
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2  kg  sample  weights,  the  aliquot  sizes  were  adjusted  to  maintain  a 
fertility  level  of  100  ppm  N  and  80  ppm  P. 

Seeding  and  Growth 

Western  wheatgrass  (Agropyron  smithii  var.  Arriba)  was  the  test 
species.  This  species  was  chosen  because  it  is  one  of  the  most  abun- 
dant native  grasses  in  the  Western  United  States  and  will  probably  be 
used  in  many  revegetation  programs. 

At  the  time  of  seeding,  approximately  250  g  of  overburden  was 
removed  from  each  pot.  Then  water  was  added  to  each  pot  to  bring 
them  to  field  capacity.  Forty  seeds  were  placed  in  each  pot  and  the 
previously  removed  dry  overburden  placed  on  the  seeds.  All  pots  were 
then  covered  with  paper  to  retard  evaporation  and  to  allow  the  water 
to  move  to  the  surface  by  capillary  rise.  The  pots  were  checked 
daily  and  upon  germination,  each  pot  was  uncovered  and  the  date 
recorded.  The  date  when  ten  plants  had  emerged  and  the  severity  of 
salt  crusting  were  also  recorded.  After  germination,  all  pots  were 
weighed  daily  and  deionized  water  was  added  to  bring  the  soil  to 
field  capacity.  Maximum  water  use  was  approximately  25%  of  field 
capacity  per  day. 

When  the  majority  of  the  plants,  in  all  pots,  reached  a  height  of 
10  cm,  the  number  of  plants  in  each  pot  was  recorded  and  each  pot  was 
thinned  to  16  plants. 

Two  highly  productive  loam  soils  were  included  in  each  experiment 
as  overall  standards  (A,  horizon  Platner  series  and  A,  horizon  Kimm 
series).  In  Table  1  through  6  greenhouse  data  on  the  standard  soils 
is  included  at  the  end  of  each  table. 


C-22 
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Plants  were  harvested  at  approximately  the  same  growth  stage  on 
all  experiments.  Because  of  growing  conditions,  the  growth  period 
varies  for  each  experiment.  Western  wheatgrass  was  grown  for  62  days 
following  seeding,  on  the  overburden  from  the  Bear  Creek  site,  Montana 
(September  28  to  November  29,  1975),  for  56  days  on  the  samples  from 
the  Horse  Nose  Butte  site,  North  Dakota  and  the  Red  Rim  site,  Wyoming 
(January  17  to  March  13,  1976),  for  49  days  on  the  overburden  from  the 
Bisit  West,  New  Mexico  and  Foidel  Creek,  Colorado  sites  (April  10  to 
May  29,  1976),  and  for  59  days  on  the  overburden  samples  from  the  White 
Tail  Butte  site,  Wyoming  (September  16  to  November  14,  1976). 

Harvesting 

The  plants  were  clipped  at  a  height  of  2  cm  above  the  soil  surface 
to  minimize  contamination  by  soil  splashed  on  the  plants  during  watering. 
"The  harvested  plants  were  then  washed  in  0.05  normal  HC1  and  rinsed  in 
distilled  water  so  tissue  analysis  could  be  done  on  the  plant  samples. 
The  plants  were  dried  in  a  forced  air  oven  at  70°  C  for  24  hours  and 
then  weighed  to  the  nearest  0.01  gram. 

Observations  taken  at  the  time  of  harvest  included  (1)  the  presence 
of  shoot  growth  from  rhizomes;  (2)  the  degree  of  soil  surface  cracking; 
(3)  the  amount  of  salt  crusting;  and  (4)  the  average  plant  height. 

In  comparing  average  plant  height  and  plant  dry  weight  it  can  be 
seen  that  there  is  no  direct  correlation.  These  differences  are 
believed  to  be  partially  due  to  variation  in  light  response  in  different 
seasons.  Also,  within  experiments,  a  portion  of  the  variation  appears 
to  be  related  to  the  amount  of  shoot  growth  originating  from  rhizomes, 
in  that  overburden  samples  with  a  low  yield  and  tall  average  plant 
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height  generally  had  very  little  or  no  growth  from  rhizomes  while  those 
samples  with  a  high  plant  yield  and  a  lower  average  plant  height 
generally  had  a  relatively  large  amount  of  growth  from  rhizomes.  Also, 
the  clayier  samples  generally  had  the  largest  amount  of  growth  from 
rhizomes. 

RESULTS 

Large  differences  in  Western  wheatgrass  growth  are  evident  on 
various  overburden  samples  (Figure  below").     Because  there  was  a 
wide  range  on  plant  dry  weights  from  the  standard  soils  in  the  four 
greenhouse  experiments,  relative  yields  will  be  used  in  this  dis- 
cussion. Actual  and  relative  yields  are  presented  in  pages  C  25  -  C27, 
Relative  yield  was  calculated  as  a  percentage  of  yield  of  the 
Platner  standard  soil  from  the  respective  greenhouse  experiments. 
For  purposes  of  this  discussion  relative  yields  less  than  33%  will 
be  considered  low,  33-67%  medium,  and  above  67%  high. 


Figure      Range  in  growth  on 
samples  from  Red 
Rim  site  in 
Wyoming. 


Figure     Range  in  Western  wheatgrass  growth  on  overburden  and  soil 
samples  from  the  Bear  Creek,  Horse  Nose  Butte,  and  Red 
Rim  sites. 
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Red  Rim,  Wyoming  (Fort  Union  formation) 

Overburden  samples  from  the  Red  Rim  site,  Wyoming,  yielded  12% 
low,  50%  medium,  and  38%  high  (pages  c  25  -C27  and  C30-C36).  These 
samples  had  a  wide  variation  in  textures.  The  samples  which  yielded 
low  generally  showed  salinity  problems.  Overall,  the  Red  Rim  over- 
burden samples  exhibited  favorable  characteristics  as  plant  growth 
media. 

There  were  no  soil  profile  samples  from  the  Red  Rim  site  used 
in  the  greenhouse  trials. 


Average  Plant  Dry  Weight, g/pot 
0  12  3  4  5 


20 


100 


120 


18    5 

2 


30 


Average   Plant  Dry  Weight , g/pot 
0  1  2  3  4  5 


150 


Average  Plant  Dry  Weight  .g/pot 
0  1  2  3      "         4  5 


Yields  of  western  wheatgrass  on  overburden  samples  from 
coreholes  DH-1 ,  DH-2,  and  DH-4,  Red  Rim  site  in  Wyoming. 
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Yields  of  western  wheatgrass  on  overburden  samples 
from  coreholes  DH-5,   DH-6,   and  DH-7,   Red  Rim  site 
in  Wyoming. 
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Yields  of  western  wheatgrass  on  overburden  samples  from 
coreholes  DH-8,  DH-9,  and  DH-10,  Red  Rim  site  in  Wyoming. 
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DISCUSSION 

Large  differences  in  yield  were  noted  among  overburden  and  soil 
samples  from  all  six  sites.  Those  overburden  samples  which  had  rela- 
tive yields  less  than  33%  would  definitely  not  be  suitable  as  plant 
growth  media.  The  samples  with  relative  yields  larger  than  33%  in- 
clude some  strata  which  would  make  a  favorable  plant  growth  media, 
but  also  include  some  strata  which  would  make  unsuitable  plant  growth 
media  under  field  conditions. 

In  the  greenhouse  study,  overburden  samples  with  the  higher  field 
capacities  generally  yielded  the  most.  In  the  field,  under  arid  and 
semi-arid  conditions,  these  fine-textured  materials  would  be  the  more 
drouthy  soils  becasue  of  greater  surface  runoff  and  evaporation.  Thus, 
growth  differences  reported  in  this  greenhouse  study  will  give  only  an 
indication  of  the  overburden  suitability  as  a  plant  growth  media.  When 
extrapolating  greenhouse  results  to  field  conditions,  the  physical  and 
chemical  characteristics  of  the  overburden  must  be  analyzed  along  with 
the  greenhouse  yield  data  to  make  interpretations  on  the  suitability 
of  the  strata  as  a  plant  growth  media. 

Multiple  regression  analyses  were  run  in  an  attempt  to  correlate 
yield  with  chemical  and  physical  charateri sties.  For  samples  from 
one  site,  significant  correlations  were  found  but  no  significant 
correlations  were  found  where  all  sites  were  included.  This  data  will 
be  included  in  a  thesis  on  "Characterization  of  Overburden  as  a  Plant, 
Growth  Media". 
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GREENHOUSE  YIELDS  AND  OBSERVATIONS 

The  degree  of  surface  cracking  of  the  overburden  were  given  a 
numerical  designation  as  follows: 

0  -  none 

1  -  very  slight 

2  -  slight 

3  -  moderate 

4  -  extreme 

The  degree  of  salt  crusting  was  al-so  observed  and  recorded  as 
follows: 

0  -  no  salt  crust  present 

1  -  1-30%  of  surface  area  covered  with  salt  crust 

2  -  31-60%  of  surface  area  covered  with  salt  crust 

3  -  61-90%  of  surface  area  covered  with  salt  crust 

4  -  91-100%  of  surface  area  covered  with  salt  crust 

Blackened  leaf  tips  were  observed  and  frequency  of  occurrence, 
within  pots,  was  recorded  as  follows: 

0  -  no  plants  with  black  leaf  tips 

1  -  1-4  plants  with  black  leaf  tips 

2  -  5-8  plants  with  black  leaf  tips 

3  -  9-12  plants  with  black  leaf  tips 

4  -  13-16  plants  with  black  leaf  tips 

These  blackened  leaf  tips  (5-10  mm)  changed  to  a  brown  color 
after  1-2  weeks.  Although  the  leaf  tips  died  back,  there  was  no 
evidence  of  overall  yield  reduction  of  plants  so  affected. 

Roman  numerals  I  and  II  in  the  following  tables  refer  to 
replications.  Duplicate  pots  were  run  on  all  soil  and  overburden 
samples  for  which  there  was  adequate  soil  material. 
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WEATHERING  TESTS  CONDUCTED  ON  CORE  SAMPLES 


Objectives 

Laboratory  weathering  tests  were  conducted  on  overburden  core  samples 
from  the  four  sites  listed  below  to  determine  which  materials  would 
break  down  sufficiently  to  allow  for  their  possible  use  as  a  planting 
media  in  revegetation  of  strip  mined  areas.  The  site  and  number  of 
core  samples  tested  under  each  condition  are  as  follows: 


Freeze- 

thaw 

Wet-dry 

Outdoor 

9 
11 

• 

9 
11 

9 
11 

9 
21 

9 
21 

7 
21 

Number  of  samples  tested 
Site 

Red  Rim,  Wyoming 
Bear  Creek,  Montana 
Horse  Nose  Butte,  North 

Dakota 
Bisti  West,  New  Mexico 

Results  of  laboratory  weathering  tests  conducted  on  core  samples  from 
four  other  sites  were  reported  previously  in  Applied  Science  Referral 
Memorandum  No.  75-1-2,  dated  March  28,  1975. 

Test  Procedures 

Specimens  for  the  freeze-thaw,  wet-dry,  and  outdoor  tests  were  cut 
from  core  samples  submitted  by  regional  personnel.  The  purpose  of 
including  outdoor  exposure  tests  was  to  determine  if  any  correlation 
could  be  drawn  between  this  type  of  weathering  and  the  freeze-thaw 
and  wet-dry  conditions. 

A  freeze-thaw  cycle  consisted  of  the  following  conditions:  (1)  eight 
hours  at  23.9°C  (75°F),  100  percent  relative  humidity  (wetting/thawing) 
and  (2)  sixteen  hours  (64  hours  on  weekend)  at  -17.8°C  (0°F)  (freezing). 

For  the  wet-dry  tests,  one  cycle  consisted  of:  (1)  eight  hours  at 
23.9°C  (75°F),  100  percent  relative  humidity  (wetting)  and  (2)  sixteen 
hours  (64  hours  on  weekends)  at  37.8°C  (100°F),  10  percent  relative 
humidity  (drying). 

Except  for  samples  from  Red  Rim,  core  specimens  about  5  cm  (2  inches) 
in  diameter  by  5  cm  (2  inches)  in  length  were  used.  The  core  specimens 
from  Red  Rim  were  10.2  cm  (4  inches)  in  diameter  by  2.5  cm  (1  inch)  in 
length.  For  testing  and  handling,  the  smaller  core  specimens  were 
placed  on  a  No.  10  mesh  screen  in  400-ml  plastic  beakers.  The  Red  Rim 
specimens  were  placed  in  1 -quart  waxed  cardboard  containers. 

Tests  were  started  on  December  23,  1975,  and  43  laboratory  weathering 
cycles  were  completed  on  March  1,  1976.  For  the  outdoor  exposure 
specimens,  10  weeks  of  testing  were  completed  on  March  2,  1976. 
During  this  10-week  period,  the  specimens  were  subjected  to  approximately 
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2.5  cm  (1  inch)  of  precipitation  from  about  seven  snowstorms.  Also, 
it  is  estimated  that  from  40  to  50  freeze-thaw  cycles  occurred  during 
this  period.  For  example,  during  January  the  temperature  range  for 
freeze-thaw  occurred  on  26  of  31  days. 

The  test  specimens  were  visually  examined  about  once  a  week  to 
monitor  changes.  Also,  to  provide  a  visual  record  of  the  tests, 
photographs  (both  black  and  white,  and  35-mm  color  slides)  were 
taken  before  and  after  testing  on  11  core  samples  representing 
various  soil  types. 

Illustrated  in  pages4l~42  are  several  of  the  terms  listed  under  the 
remarks  column  in  the  tables  to  describe  the  various  breakdown 
patterns  noted  during  testing.  Further,  the  term  "saturated"  as 
used  in  this  report  denotes  the  condition  in  which  free  water  was 
observed  on  the  surface  of  the  specimen  (figure  lc).  The  term 
"swelling"  was  used  when  an  increase  in  specimen  size  was  noted 
(figure  lc).  Quite  often  this  swelling  resulted  in  a  mushroom 
appearance. 

At  the  completion  of  the  43  weathering  cycles,  a  percent  breakdown 
value  (%BD)  was  determined  for  a  number  of  the  specimens.  This 
value  listed  under  the  remark  column  in  the  tables  was  derived  as 
follows: 

%BD  =  ^^  =  100 

Where:  TW  =  Total  specimen  weight 

IW  =  Weight  of  original  specimen  remaining  intact  after  testing 

In  the  freeze-thaw  tests,  the  specimens  were  not  allowed  to  dry  out, 

and  the  continual  wetting  caused  the  specimens  to  become  saturated, 

this  resulted,  in  many  cases,  in  breakdown  or  swelling.  For  these 
specimens  the  %BD  was  considered  to  be  100. 

For  future  laboratory  weathering  tests  it  is  recommended  that  the 
samples  be  subjected  to  alternate  freeze-thaw  and  wet-dry  cycles. 
This  would  eliminate  the  continual  wetting  process  for  the  freeze- 
thaw  specimens,  and  it  would  simulate  more  closely,  the  outdoor 
weathering  as  observed  in  this  study. 

The  outdoor  specimens  will  continue  to  be  monitored,  and  a  subsequent 
report  will  be  prepared  summarizing  the  results.  Test  results  for 
samples  from  the  Red  Rim  area  are  discussed  in  the  following  paragraphs. 

Test  Results 

Test  results  are  summarized  in  table  RR-1  and  figures  RR-1  and  RR-2. 

Three  sandstone  samples  exhibited  no  breakdown  at  all.  These  included 
RR-2-16  (depth  92.0  to  100.0  feet)  RR-7-18  (depth  73.0  to  76.0  feet) 
and  RR-10-37  (depth  181.0  to  188.3  feet). 
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The  following  samples  appeared  to  have  broken  down  sufficiently  for 
possible  use  as  a  planting  media:  siltstone,  RR-2-9  (depth  53.5  to 
57.0  feet)  siltstone,  RR-9-17  (depth  85.7  to  94.0  feet)  and  sandstone, 
RR-10-9  (depth  39.0  to  44.0  feet). 

It  should  be  noted  that  the  use  of  a  diamond  saw  was  required  to  cut 
the  test  specimens  from  the  submitted  core  samples,  and  is  indicative 
of  their  original  condition. 

A  dry  gradation  analysis  was  obtained  on  two  freeze-thaw  specimens 
and  the  results  are  listed  below: 


Sandstone,  RR-7-16 
Depth  61 .0  to  68.0  feet 


Sieve 

Cumulative  percent 

size 

passing 

4 

100.0 

10 

99.8 

50 

82.1 

100 

12.7 

200 

6.6 

Sandstone,  RR-10-9 
Depth  39.0  to  44.0  feet 


Sieve 

Cumu 

lative  percent 

size 

passing 

4 

100.0 

10 

99.7 

50 

36.8 

100 

8.2 

200 

3.3 
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Table  RR-1 


Siltstone,  RR-2-9* 
Depth  53.5  -  57.0  feet 
(RR-1)** 


Freeze-thaw:     Slaking  at  6  cycles  saturated 
at  15  cycles,   %BD  =  100  feet.     Wet-dry:   No 
change.     Outdoor:     Cracking  and  slaking  at 
10  weeks. 


Sandstone,   RR-2-16 
Depth  92.0  -  100.0  feet 
(RR-2) 

Shale,   RR-4-23 

Depth  94.0  -  100.7  feet 

(RR-3) 


Freeze-thaw:  No  change.  Wet-dry:  No 
change.  Outdoor:  No  change  at  10  weeks. 


Freeze-thaw:  Cracking  at  25  cycles,  slaking 
on  one  side  at  35  cycles.  %BD  =  11.5.  Wet- 
dry:  No  change.  Outdoor:  No  change  at 
10  weeks. 


Sandstone,  RR-7-16 
Depth  61 .0  -  68.0  feet 
(RR-4) 

Sandstone,  RR-7-18 
Depth  73.0  -  76.0  feet 
(RR-5) 

Siltstone,  RR-9-17 
Depth  85.7  -  94.0  feet 
(RR-6) 


Siltstone,  RR-9-25 
Depth  140.0  -  150.2  feet 
(RR-7) 


Sandstone,  RR-10-9 
Depth  29.0  -  44.0  feet 
(RR-8) 


Sandstone,  RR-1 0-37 
Depth  181.0  -  188.3  feet 
(RR-9) 


Freeze-thaw:  Saturated  at  15  cycles.  %BD  = 
100.  Wet-dry:  No  change.  Outdoor:  ^Jery 
slight  surface  erosion  at  4  weeks. 

Freeze-thaw:  No  change.  Wet-dry:  No 
change.  Outdoor:  No  change  at  10  weeks. 


(See  photograph  RR-1)  Freeze-thaw:  Cracking 
at  12  cycles,  saturated  at  15  cycles.  %BD  = 
100.  Wet-dry:  Slight  cracking  noted  originally, 
cracking  increased  slightly  at  43  cycles.  Outdoor 
Cracking  at  2  weeks,  slaking  at  4  weeks,  slaking 
continuing  at  10  weeks,  this  sample  has  exhibited 
more  breakdown  than  wet-dry  sample. 

Freeze-thaw:  Slight  cracking  at  6  cycles, 
saturated  at  15  cycles.  %BD  =100.  Wet-dry: 
No  change.  Outdoor:  Cracking  and  slight 
slaking  at  2  weeks,  slaking  continuing  at 
10  weeks,  this  sample  has  exhibited  more 
breakdown  than  wet-dry  sample. 

(See  photograph  RR-2)  Freeze-thaw:  Cracking 
at  20  cycles,  sample  yery   friable  at  25  cycles, 
%BD  =  100.  Wet-dry:  No  change.  Outdoor:  Slight 
cracking  at  2  weeks,  sample  friable  at  10  weeks, 
this  sample  has  exhibited  more  breakdown  than 
wet-dry  sample. 

Freeze-thaw:  No  change.  Wet-dry:  No  change. 
Outdoor:  No  change  at  10  weeks. 


*  Field  sample  number. 

**  Laboratory  sample  number. 
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CH  7  2  5  3  16NA 


a*  Cracking, peeling  (left)j  cracking  (right). 


^mz»&im, 


M  a  ' 


CH 


b.  Cleaving  (left);  slaking  (right). 


Examples  of  typical  distress  patterns  noted  du-ir-g  laboratory 
weathering  tests. 
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^/^ 


CH  U53   30NA 


CH  1253   32NA 


c.  Saturated  (left);  swelling  (right) 


Examples  of  typical  distress  patterns  noted  during  laboratory- 
weathering  tests. 

(continued) 
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A 


a.  Original  condition. 


b#  Condition  after  1x3  weathering  cycles  for  A  and  B, 
and  10  weeks  of  outdoor  exposure  for  C. 

Figure  RR-1.  Results  of  laboratory  weathering  for  siltstone  sample 
from  Red  Rim,  Wyoming;  RR  9-17,  depth  85.7'  to  ?U.O' .  Sample  A  on 
left  was  subjected  to  freeze-thaw;  Sample  B  in  center  was  subjected  to 
wet-dry;  and  Sample  C  on  right  was  subjected  to  outdoor  weathering. 

C-43 


A.  Original  condition, 


b.  Condition  after  h3  weathering  cycles  for  A  and  B, 
and  10  weeks  of  outdoor  exposure  for  C. 

Figure  RR-2.  Results  of  laboratory  weathering  for  sandstone  sample 
from  Red  Rim,  Wyoming;  RR  10-9,  depth  39.0'  to  Ui.0»  . 
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SOIL   MAPPING  UNIT 

NUMBER   NAME 
8060         HAVRE  SANDY  LOAM 

A-0to3  PERCENT 
B-  3  to7  PERCENT 

807Q         ROCK  RIVER  SANDY  LOAM 

B-3to7  PERCENT 
C-7tol2  PERCENT 

8080  CUSHOOL  SANDY  LOAM 

8-3107    PERCENT 
C-7tol2  PERCENT 

8100  HAVRE  SANDY  LOAM  ALKALINE 
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8110  WORFMAN  SANDY  LOAM,  DELPHI  LL 
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BD- 31020  PERCENT 
C-  7iol2  PERCENT 


NUMBER   NAME 
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CE-71040  PERCENT 
DE^to40  PERCENT 
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HAVRE  SERIES 


A,    0-2"   -   Brown  (10YR  5/3)  sandy  clay  loam;  dark  brown 

(10YR  4/3)  moist;  medium,  moderate  crumb;  slightly 
hard,  very  friable;  strongly  calcareous,  moderately 
alkaline,  pH  8.4;  clear,  smooth  boundary. 


C,    2-28"  -   Pale  brown  (10YR  6/3)  sandy  clay  loam;  dark  brown 
(10YR  4/3)  moist;  stratified  with  lenses  of  loam, 
silt  loam  and  very  fine  sandy  loam;  massive; 
slightly  hard,  very  friable;  violent  effervenscence, 
moderately  alkaline,  pH  8.4;  clear  smooth  boundary. 


C2    28-38"  -   Pale  brown  (10YR  6/3)  sandy  clay  loam;  dark  brown 
(10YR  4/3)  moist;  strata  of  sandy  loam,  loamy  sand 
evident;  massive;  soft,  yery   friable;  strongly 
calcareous;  strongly  alkaline,  pH  8.6;  gradual, 
smooth  boundary. 

C~    38-60"  -   Pale  brown  (10YR  6/3)  fine  sandy  loam;  dark  brown 


'3 


(10YR  4/3)  moist;  strata  of  loam,  loamy  fine  sand: 
massive;  soft,  very  friable;  strongly  calcareous; 
strongly  alkaline,  pH  8.6. 


C-50 


z 

,. 

c 

o 

■** 

r  ' 

0; 

LO 

1 

1 

X. 

h 

° 

< 
a 

Y. 

5 

o 

q 

. 

a 

3 

i        1 

<      1 

CO 

to 

CO 

o 

E 

p 

a 

O 

'J 

0 

O 

faC 

CO 

8     i 

■H 

cd 

O 

.    O 

w 

n       > 

Cm 

— < 

<n   03 

Q 

aacn 

°     5 

0 

cd 

■i 

ro 

-r 

J 

y. 

o 

T3 

•H 

> 

2 

PQ 

Q          7 

O 

vO 

v£> 

CO 

1 

S    H 

Tj 

0 

■^ 

S      ' 

Pi"  w 

J- 

>  J" 

CO       • 

CO     • 

Z 

a    a 

J 

r-l 

X 

w          1 

UcH) 

• 

0)       • 

0)  CO 

ciCO 

o 

o 

r-l 

<"- 

<X) 

CO 

< 

s  3 

00 

<c 

0 
en 

H 

w 
o 

H 
> 

V 

+5 

c 
0 

CO 

"3 

CO 

ZO 

o> 

d     ' 

0 

0 

^f--» 

7.     | 

21 

°CO'.~ 

I 

i   i 

CO 

0. 

T 

! 

1 

£   i 

1) 

u 

0 

CN 

CO 

h 

O       1 

rd 

5 
a 

CO 

1 
1 

U. 
CO 
CO 

O 

.    O 
<y-   or 

<] 

1 

CD 

.2       U 

>2 

CO         1 
C        | 

a    ' 
3      1 

11 

• 

i        cu 

3d 

.u  u. 

3 
CO       1 

S     1 

•s       0 

00 

o 

CN 

00 

H 

•H 

•H         *H        »H 

1       'fi 

t. 

p 

c 

Uc-K 

<H 

M                      r-l                     r-|    ; 

Vi        Ch       c_| 

£     1 

•^ 

> 

> 

>       !> 

0 

CO 

Ej 

6i   B 

H 

1 

O 

CO 

Sx>| 

-p 

a           C 

t^       Q| 

CO 

to 

toi      to 

1 

CJ 

£3 

-          -H 

CO 

T5 

id 

X)         TJ 

CJ 

•H 
U 

fcD 
•H 

rH 

CJ           n} 

O    0 

to  -O 

c 

0 

c 
0 

W 

01 

\b 

to 

in 

■0 
c 

CO 

0 

W 

2   %  H 

D 

^ 

cm 
°3 

H 

1 

O 

OJ 

»l 

1 

0 

CJ 

w 

Q    <U     C( 

U 

0 

H 

1 

i- 

1 

CJ 

c 

c 

S   O 

D 

OJ 

6 

6 

6 

S^ 

VO 

> 

4 

■0 

co 

w 

0 

^OO 

ct; 

e 

O 

H 

1 

1 
1 

cOI 

O        1 

c 

CO 

< 

a 

S  co  a, 

O     CO 

n 

pcT 

s 

O 

X 

0 

1 

U 

y 

^ 

V, 

£ 

t>^ 

CN 

CN 

U 

cd 

0) 

ll> 

cfll 

a.    i 

a 

u           A 

CJ                    1 

. 

S 

P^ 

fXi 

w^ 

^ 

L.                           1 

H 

•pj 

r-3 

►J 

r-3 

Dtp, 

"-■ 

5 

C 

1 

1        1 
0          1 

.    X 

CO     P 

co 

O 

co 

4->   CO 

CO 

<I 

0 

~  1 

U.            to 

1 

& 

^ 

O1 

>. 

5    "g 

o1 

0 

a 

M 

CO 

0          Q 

co-^e 

CM 

,*■ 

d 

1 

> 

°°i 

i  wp 

•  o  cs 

OS 

c 
o 

4* 

5 

VO1 
1 

C5 
Z 

H 

■5-041 

\ 

." 

~ 

2-Paj 

CM 

-5 
c 
0 

0 

(N 

3             CO 

2          1 

OS     O, 

h 

O 

><*P 

H. 

0 

O1 

S         I 

• 

r 

1 

a> 

c 

a 

E31 

Q|   3| 

O 





a: 

O 

cm      i 

§33' 

3 
00 

to 

< 

?-' 

S     i 

c  ~ 
~  c 
a.  d 

cd 

O       cj 
J      CO 

6 

\6 

0 

CN 

8    3"' 

O 
U 

>< 

5 

O  O 

coco 

-nco 

gW 

1       ^ 

-^-^po  ro^o-^ 

o£ 

1    e 

1    0 

1   u. 

0  0 

D  OO  O 

O  CO 

go, 

0 

g 

?             T3 

H  H^l 

H    r-IH    r-l 

tD 

y< 

S^i 

0,0' 

uMi 

b 

1  1 

c: 

0 

ico 

CO 

CO 

0 

.-*■-> 

.  S 

of 

C 

^ 

(JCO 

OJ 

OJ 

on 

VO 

CN« 

oO 

0 

O 
•H 

c 

cfc 
O. 

c 

CO 

V.H     cn 

00 

1 
O 

1 

OJ 

1 

CO 

C\J 

1 

CO 

on 

_  - 

<o 

0) 

X 

cnC- 

y  < 

loT-=i 

0 

O 
C/J 

1  1 

fr-l       - 

0  y 

rf 

,«k 

x) 

+J 

CJ  . 

"Li 

-> 

-fi 

1/1 

Pm 

c> 

CN 

CN  A- 

cO 

r-l 
< 

r-1 
O 

Cvi 

OC- 

0 

C-51 


ROCK  RIVER  SERIES 


A,    0-4"   -   Grayish  brown  (10YR  5/2)  sandy  loam;  very   dark 
grayish  brown  (10YR  3/2)  moist;  medium  moderate 
crumb;  hard,  very  friable,  noncalcareous ;  neutral; 
clear,  smooth  boundary. 

B2lt  4-7"   -   Yellowish  brown  (10YR  5/4)  sandy  clay  loam;  dark 

grayish  brown  (10YR  4/2)  moist;  medium  weak  subangular 
blocky;  very   hard,  firm,  few  patchy  clay  films  on 
vertical  ped  faces;  noncalcareous;  mildly  alkaline; 
clear,  smooth  boundary. 

B22t  7-20"  -   Yellowish  brown  (10YR  5/4)  sandy  clay  loam;  dark 

brown  (10YR  4/3)  moist;  medium,  strong  angular  blocky 
breaking  to  fine  strong  angular  blocky;  very  hard, 
firm;  thick  continuous  clay  films  on  both  vertical 
and  horizontal  ped  faces;  noncalcareous;  mildly 
alkaline;  clear,  smooth  boundary. 


B23   20-30"  -   Yellowish  brown  (10YR  5/4)  sandy  clay  loam;  dark 
brown  (10YR  4/3)  moist;  medium,  moderate  angular 
blocky  breaking  to  fine  moderate  subangular  blocky; 
slightly  hard,  friable;  thin  continuous  clay  coats 
on  vertical  faces,  thin  patchy  on  horizontal  ped 
faces;  noncalcareous;  moderately  alkaline;  clear, 
smooth  boundary. 


B-ca  30-40"  -   Light  olive  brown  (2.5Y  5/4)  clay  loam;  olive  brown 
(2.5Y  4/4)  moist;  medium,  moderate  angular  blocky; 
slightly  hard,  firm;  thin,  patchy  clay  films; 
calcareous;  moderately  alkaline;  gradual,  smooth 
boundary. 


44-56"  -   Light  olive  brown  (2.5Y  5/4)  clay  loam;  olive  brown 
(2.5Y  4/4)  moist;  massive,  slightly  hard,  firm; 
strongly  calcareous;  moderately  alkaline,  gradual 
smooth  boundary. 


Cr    56"+   -   Nonconsol idated  light  yellowish  brown  calcareous 
sandstone. 
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CUSHOOL  SERIES 


A,    0-3"   -   Brown  (10YR  5/3)  sandy  loam;  dark  yellowish  brown 
(10  YR  4/4)  moist;  thick  crust  breaking  to  fine, 
weak  crumb;  slightly  hard,  friable;  noncalcareous, 
neutral,  pH  7.2;  clear,  smooth  boundary. 

B„lt  3-11"  -   Yellowish  brown  (10YR  5/4)  sandy  clay  loam,  30  percent 
clay,  dark  yellowish  brown  (10YR  4/4)  moist;  medium, 
moderate  prismatic  breaking  to  medium,  moderate  angular 
blocky;  hard,  firm;  thin  nearly  continuous  films  and 
patches  of  thick  coatings  on  vertical  and  horizontal 
ped  faces;  noncalcareous;  mildly  alkaline,  pH  7.6; 
clear,  smooth  boundary. 

B22t  11-18"  -   Yellowish  brown  (10YR  5/4)  sandy  clay  loam,  24  percent 
clay;  dark  yellowish  brown  (10YR  4/4)  moist;  coarse, 
weak  prismatic  breaking  to  medium,  moderate  angular 
blocky;  slightly  hard,  firm;  thin  discontinuous  waxy 
coatings  and  sand  bridges;  noncalcareous;  mildly 
alkaline,  pH  7.6;  gradual  wavy  boundary. 

B3ca  18-24"  -   Slight  yellowish  brown  (10YR  6/4)  sandy  loam;  yellowish 
brown  (10YR  5/4)  moist;  medium,  weak  angular  blocky; 
slightly  hard,  friable;  few,  thin  patchy  clay  films  and 
sand  bridges;  violent  effervescense,  many  medium  and 
coarse  specks  and  seams  of  calcium  carbonate  moderately 
alkaline,  pH  8.5;  gradual,  wavy  boundary. 

Cca   24-30"  -   Light  yellowish  brown  (10YR  6/4)  sandy  loam;  yellowish 
brown  (10YR  5/4)  moist;  structureless;  slightly  hard, 
very  friable;  violent  effervescence,  many  fine  and 
medium  spots  and  threads  of  calcium  carbonate;  strongly 
alkaline,  pH  8.6;  gradual,  wavy  boundary. 

Cr    30"+   -   Soft  calcareous  yellowish  brown  sandstone  interbedded 
with  light  gray  sandy  shale. 
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WORFMAN  SERIES 


A,    0-3"   -   Brown  (10YR  5/3)  sandy  loam;  dark  (10YR  4/3) 

moist;  fine  moderate  crumb;  soft,  very  friable; 
noncalcareous ,  neutral,  pH  7.2;  clear,  smooth 
boundary. 


Lt   3-10"  -   Brown  (10YR  5/3)  sandy  clay  loam,  24  percent 
clay;  dark  brown  (10YR  4/3)  moist;  medium, 
weak  prismatic  breaking  to  medium,  moderate 
angular  blocky;  slightly  hard,  friable;  thin, 
discontinuous  waxy  clay  coatings  on  vertical 
and  horizontal  ped  faces;  noncalcareous; 
mildly  alkaline,  pH  7.6;  clear,  smooth 
boundary. 


B3ca  10-17"  -   Light  brownish  gray  (10YR  6/2)  sandy  clay  loam, 
22  percent  clay,  dark  brown  (10YR  4/3)  moist; 
fine  and  medium  weak  angular  blocky;  slightly 
hard,  friable;  few,  thin,  patchy  waxy  coatings; 
violent  effervescence,  many  fine  and  medium 
spots  and  seams  of  calcium  carbonate;  strongly 
alkaline,  pH  8.5;  gradual,  waxy  boundary. 


Cr    17"+   -   Soft  calcareous  sandy  shale;  pale  brown. 
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DELPHILL  SERIES 


A,    0-3"   -   Brown  (10YR  5/3)  fine  sandy  loam;  dark  brown 
(10YR  4/3)  moist;  fine  moderate  crumb;  soft, 
very  friable;  strongly  calcareous,  clear,  smooth 
boundary. 


C-,    3-16"  -   Pale  brown  (10YR  6/3)  very  fine  sandy  loam; 
yellowish  brown  (10YR  5/4)  moist;  massive; 
slightly  hard,  very   friable;  strongly  calcareous; 
clear,  smooth  boundary. 


C2    16-28"  -   Pale  brown  (10YR  6/3)  very   fine  sandy  loam; 

brown  (10YR  5/3)  moist;  massive;  slightly  hard, 
very   friable;  calcareous;  clear,  smooth  boundary. 


Cr    28"+   -   Soft  grayish  brown  siltstone. 
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SPOOL  SERIES 

A,    0-1"   -   Pale  brown  (10YR  6/3)  loamy  sand;  dark  brown 

(10YR  4/3)  moist;  hard  crust;  massive;  slightly 
hard,  loose;  noncalcareous >  neutral,  pH  7.2;  clear- 
smooth  boundary. 


C-.    1-3"   -   Pale  brown  (10YR  6/3)  loamy  sand;  dark  brown 

(10YR  4/3)  moist;  single  grain;  loose  both  dry 
and  moist;  noncalcareous ;  neutral;  pH  7.2;  clear, 
smooth  boundary. 


C2    3-8"   -   Yellowish  brown  (10YR  5/4)  fine  sand;  dark  yellowish 
brown  (10YR  4/4)  moist;  single  grain;  loose  both  dry 
and  moist;  noncalcareous;  neutral  pH  7.2;  clear, 
smooth  boundary. 


8"+    -   Hard,  noncalcareous  sandstone. 
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COTHRAN  SERIES 


A,    0-2"   -   Pale  brown  (10YR  6/3)  fine  sand;  dark  brown 

(10YR  4/3)  moist;  single  grain;  loose  both  dry 


and  moist;  noncalcareous;  neutral,  pH  7.2;  clear 
smooth  boundary. 


C,    2-30"  -   Yellowish  brown  (10YR  5/4)  fine  sand;  dark  yellowish 
brown  (10YR  4/4)  moist;  single  grain;  loose  both 
dry  and  moist;  noncalcareous;  mildly  alkaline 
pH  7.4;  clear,  smooth  boundary. 


C2    30-60"  -   Brown  (10YR  5/3)  loamy  sand,  dark  brown  (10YR  4/3) 
moist;  massive  breaking  easily  to  single  grain; 
loose  both  dry  and  moist;  noncalcareous;  mildly 
alkal ine,  pH  7.4. 
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C-63 


PATENT  SERIES 


A1    0-2"   -   Pale  brown  (10YR  6/3)  loam;  dark  brown  (10YR  4/3) 
moist;  medium  and  coarse,  moderate  crumb;  slightly 
hard,  friable;  calcareous,  moderately  alkaline, 
pH  8.4;  clear,  smooth  boundary. 

C^ca  2-21"  -   Brown  (10YR  5/3)  loam;  dark  brown  (10YR  4/3)  moist; 

coarse  weak  subangular  blocky;  slightly  hard,  friable; 
calcareous,  few,  fine  distinct  lime  concretions 
moderately  alkaline,  pH  8.4;  clear,  smooth  boundary. 

C2ca  21-60"  -   Brown  (10YR  5/3)  loam;  dark  brown  (10YR  4/3)  moist; 
structureless;  slightly  hard,  friable;  violent 
effervescence,  many  fine  and  medium  lime  specks  and 
threads;  strongly  alkaline,  pH  8.7. 
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RYARK  SERIES 


A,    0-4"   -   Brown  (10YR  5/3)  loamy  sand;  dark  yellowish  brown 
(10YR  4/4)  moist;  coarse,  weak  crumb;  soft  very 
friable;  noncalcareous*  neutral,  pH  7.2;  clear, 
smooth  boundary. 

Bplt  4-14"  -   Brown  (10YR  5/3)  sandy  loam,  18  percent  clay; 

dark  brown  (10YR  4/3)  moist;  coarse,  weak  prismatic 
breaking  to  medium  and  coarse  angular  blocky; 
slightly  hard,  friable;  thin,  nearly  continuous 
waxy  coatings  and  a  few  thick  patchy  sand  bridges; 
noncalcareous;  mildly  alkaline,  pH  7.6;  clear, 
smooth  boundary. 


B22t  14-26"  -   Yellowish  brown  (10YR  5/4)  sandy  loam,  16  percent 

clay;  dark  yellowish  brown  (10YR  4/4)  moist;  medium 
and  coarse  weak  angular  blocky;  slightly  hard, 
friable;  thin,  patchy  clay  films  and  sand  bridges, 
coats;  noncalcareous,  mildly  alkaline,  pH  7.6; 
clear,  smooth  boundary. 


B23   26-40"  -   Yellowish  brown  (10YR  5/4)  sandy  loam,  16  percent 

clay;  dark  yellowish  brown  (10YR  4/4)  moist;  coarse, 
weak  angular  blocky;  slightly  hard,  friable;  few  thin 
patchy  clay  films,  sand  bridges  and  coatings  on 
vertical  surfaces;  noncalcareous,  mildly  alkaline, 
pH  7.6;  clear,  smooth  boundary. 

C    40-60"  -   Pale  brown  (10YR  6/3)  sandy  loam;  yellowish  brown 
(10YR  5/4)  moist;  massive;  slightly  hard,  friable; 
violent  effervescence,  many  fine  and  medium,  distinct 
specks  and  threads  of  calcium  carbonate;  strongly 
alkal ine,  pH  8.6. 
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SKOOTCH  SERIES 


A,    0-2"   -   Pale  brown  (10YR  6/3)  sandy  loam;  dark  brown 
(10YR  4/3)  moist;  fine  and  medium,  weak  crumb; 
soft,  very  friable;  strongly  calcareous; 
moderately  alkaline;  clear,  smooth  boundary. 
Fifteen  percent  of  surface  covered  with  flat 
sandstone  fragments. 


2-16"  -   Pale  brown  (10YR  6/3)  sandy  loam;  dark  brown 
(10YR  4/3)  moist;  structureless;  soft,  very 
friable;  strongly  calcareous;  strongly  alkaline; 
clear,  smooth  boundary. 


Cr    16"+   -   Fragmented  yellowish  brown  calcareous  sandstone, 
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BLAZON  SERIES 


A,     0-2"   -   Brown  (10YR  5/3)  loam;  dark  brown  (10YR  4/3)  moist; 

fine  and  medium  weak  crumb;  soft,  friable;  calcareous; 
alkaline  (pH  8.0);  clear,  smooth  boundary,  Flat 
siltstone  fragments  cover  15-30  percent  of  surface. 


C,     2-6"   -   Brown  (10YR  5/3)  loam;  dark  brown  (10YR  4/3)  moist; 
structureless;  soft,  friable;  violent  effervescence; 
strongly  alkaline,  pH  8.6;  clear,  smooth  boundary. 
Flat  siltstone  fragments  1/2-3/4"  wide  make  up 
10  percent  of  horizon. 


C,ca   6-16"  -   Pale  brown  (10YR  6/3)  loam;  brown  (10YR  5/3)  moist; 
structureless;  soft,  friable;  violent  effervescence, 
many  fine  specks  of  calcium  carbonate;  strongly 
alkaline  pH  8.6;  clear  smooth  boundary.  Few  shale 
platelets. 


Cr    16"+   -   Soft  calcareous  shale 
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UNITT.I)  STATUS 
DF.PAKTMKN  I  OF  Till'.  INTKKIOK 

bukkau  ok  land  mana.gkmknt 


INTERPRETIVE  RATINGS  FOR  SOIL  USES 


MAP 
SYMMOL 


0) 


8060 


SOIL 
NAM1£ 


(2) 


Htvre. 


sane 

3-396 


A-33,  B-38  I  sandy  loam, 
slope 


8070 
B-37,   C-U2 

8080 
3-37,  C-k2 


sun  Aim. nv 


DRYLAND 
FARMING 

(3) 


Rock  River 

sandy  ]oam 
3-12$  slope 

Cushool 
sandy  loam, 
3-12%  slope 


A-50 


sandy  loam: 
ilka line 
phase, 
)-3$  slope 


8lio 

BD-Ul 


Blio 


Fair;  Mod. 
salinity, 
climate 


Fair; 
climate 


Fair; 
climate 


IRRI- 
GATION 


(4) 


Good;  some 
salinity 


V.  Good 


Good 

depth 


(5) 


See  ratine 
in  other 
sections 
of  report 


SAND 
GKAVF.L 


(6) 


ROAD    I   II    I. 


(7) 


BD-Ul 


CE-38 


CE-38 


forfman 
sandy  loam, 
3-12$  slope 

Delphill 
sandy  loam, 
3-20$  slope 

3pool  loamy 
sand,    12   - 
U0$  slope 


Cothran 
fine   sand, 
12-20$ 
slope 


1 


Poor, 

climate, 
aU:alinity 


Poor; 

climate, 
shallow 


Fair ; 
climate 


Poor; 

climate, 
V  shallow 


Poor; 
climate 
V.  rapid 
perme- 
ability. . 


Poor  to 
fair 

alkalinity 


Fair; 
water- 
holding 
capacity 


Good; 
depth 


Poor; 
water - 
holding 
capacity 

Poor; 
water 

holding 
capacity 


Fair 


Poor; 
texture 


Poor; 
texture 


Fair 


Poor; 
texture 


Poor; 
texture 


Fair 


Fair 


Good 


Good 


Good 


Good 


Good 


Good 


Poor 


Poor 


(8) 


C-72 


UNI'I'KI)  SIATKS 

dlpartmi.nt  or  11 1 1 .  intkkmon 

BURKAU  01'  LAND  M AN AG KM K NT 


INTERPRETIVE  RATINGS  FOR  SOIL  USES 

sun  Aint.n  y 

MAP 

SOIL* 

SYMHOL 

NAME 

DRYLAND 

IRRI- 

SAND 

FARMING 

GATION 

TOI'SOIL 

GKAVEI, 

ROAD   I'll.l. 

mm  k 

0) 

(2) 

(3) 

(4) 

(5) 

(6) 

(V) 

(8) 

6130 

Rock  River 

BD-35 

(Refer  to 

8070 
B37,   C-k2) 

8  1-3  0 

Patent  loom 

Fair; 

V.   Good 

See  rating 

Pocjr 

Good 

BD-35 

3-20f0 
slope 

climate 

in  other 
sections 
of  report 

&l4o 

Rocl-.  River 

BD-3^ 

(Refer  to 

8070 
B-37,   C-U2 

eno 

Ryark 

Fair; 

Good, 

11 

Poor 

Fair  to 

BD-3^ 

;andy  loam, 
3-20$ 
slope 

climate 

vater- 

holding 

capacity 

good 

8t£0 

Skootch 

Poor; 

Poor; 

it 

Poor 

Fair 

CD-50,  DE-6i;- 

sandy  loam, 
7-^Of. 
slope 

climate 
shallow 

shallow 
water- 
holding 
capacity 

6tSO 

Blazon 

Poor; 

Poor; 

1! 

Poor 

Fair 

CD-50,   DE-6U 

sandy  loam 
7-hV?o 
slope 

climate 
shallow 

shallow 
water- 
holding 

capacity 

C-73 


united  statics 
department  oi  the  interior 
bureau  of  land  management 

engineering  properties  of  soils 

MEASUREMENTS    AND  INTERPRETATIONS 


MAP 
SYMBOL 


0) 


8060 

A-33,B-38 


8070 
3-37,   C-U2 


8080 
B-37,   C-U2 


8(00 

A-50 


QUO 
BD-kl 


6110 

BD^JI 


Qizo 


CE-38 


SOIL 

NAME 


(2) 


Havre 

sandy  loam 
0-3%  sLope 

Rock  Rive 
sandy  loam 
3-12% 

slope 

Cushool 
sandy  loam 
3-12$ 
slope 


DEPTH 
FROM 

SURFACE 

OF 

TYPICAL 

PROFILE 

(inches) 


(3) 


DEPTH  TO 


0-30 
30-60 


0-k 

1^-30 
30-56 


0-3 

3-18 

18-30 


sandy  loan, 
alkaline 
phase, 
3-3$  slope 

.Vorfman 

andy  lcam 
3-12$ 
sxope 

Dclphill 
sandy  loam 
3-20% 
slope 

pool 

Loamy   sand 
L2-!40% 
slope 


0-8 

8-U0 


0-3 
3-17 


0-10 

10-28 


0-8 


DED- 
ROCK 


(4) 


60" 
60" 


U0-60" 
U0-60" 
140-60" 

20-1+0" 
20-1+0" 
20-1+0" 


60" 
60" 


lU-20" 
lU-20" 


20-1+0" 
20-UO" 


7-1V 


SEASONAL 

HIGH    WATER 

TABLE 

(Inchci) 


(5) 


'.  Moo  dr.  la  in 


60 
60 
60 


60 
60 
60 


60 
60 


60 
60 


60 
60 


60 


HYDRO- 
LOGIC 
SOIL 

GROUP 


(6) 


SHRINK-- 
SWKLL 
POTEN- 
TIAL 


(7) 


Low 
Low 


V  Low 

V  Low 
Low 


Low 
Low 
Lew- 


Low 
Low 


Low 
Low 


Low 
Low 


V  Low 


COKK'i  KIV1  IV 


i;n<  oai  tl 
STEEL 


(8) 


Low 
Low 


Low 
Low 
Low 


Low 
Low 
Low 


Mod. 
Mod. 


Low 
Low 


Low 
Low 


Low 


1") 

Hi;;n 
High 


Low 

Low 
Low 


LOW 

Low 
Lew 


airrr. 
Ei;~h 


^ov: 

Low 


Low 

Low 


Lov/ 
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UNITED  STATICS 
DEPARTMENT  OF  THE  INTERIOR 
BUREAU  OF  LAND  MANAGEMENT 

ENGINEERING  PROPERTIES  OF  SOILS 
MEASUREMENTS    AND  INTERPRETATIONS 


MAP 
SYMBOL 


(1) 


SOIL 
NAME 


(2) 


DEPTH 
FROM 

SURFACE 

OF 

TYPICAL 

PROFILE 

(inches) 


(3) 


DEPTH  TO 


D  ED- 
ROCK 


(4) 


SEASONAL 

HIGH    WATtK 

TABLE 

(Inches) 


(5) 


HYDRO- 
LOGIC 
SOIL 
GROUP 


(6) 


SHRINK"- 
SWELL 
POTEN- 
TIAL 


(7) 


CORRUSIVITY 


(8) 


(IN(  OATEI)  CON- 

STEEL  CRETE 


fO) 


g/lg 

CE-38 


,8130 
BD-35 


§130 
BD-35 


6/30 


BD-3k 


BD-31^ 


$ISo 


D-pO,   DS-6U 


B'So 
;d-5o,  de- 


6k 


Cothran 

fine  sand 
12-20$ 
slope 

Rock  Rive: 

(Refer  to 

8070 
B-37,C-U2) 

Patent 
loam-, 
3-20$ 
slope 

Rock  Rive}" 
(Refer  to 

8070 
B-37,C-U2 1 

Ryark 
sandy loam 
3-20$ 
slope 

Skootch 

sandyloam 

7-tog 

slope 

Blazon 

loam, 
7-UO'/o 

slope 


0-60 


more  than 

ko" 


0-21 
21-60 


more  -than 
kO" 


0-26  jnore  than 

1+0" 
26-U0 

0-16   lU-20" 


0-17 


lU-20" 


60 


60 
60 


60 
60 

60 
60 


V  Low 


Low 
Lov; 


Low 
Low 

Low 
Low 


Low 


Low 
Low 


Low 
Low 

Low 
Low 


Low 


Low 
Low 


Low 

1 

Low 

;,t.; 
Low 
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APPENDIX   D 


VEGETATION 


Table  Dl. — Vegetation-soil-water  relationships  and 
associated  soils  data 


symbols:  h,  horizon;  dm,  depth 

WFIGHT  IN  GRAMS  PF  k  CUBIC  CEMTIMc. 
IN  grams  PER  Guam;  pf  ,  LOG  Of-  MO 
SQUARE  CENTIMETER?  MRC»  MOISTURE 
IN  GRAMS  PER  GRAM;  VMC«  VOID-MOI 
GRAM;  SMC.  SAFURA TION-MOlSTURt  c 
VOLUMETRIC  SHRINK  IN  CUBIC  CENTlM 
ELECTRICAL  CONDUCTIVITY  OF  SATURA 
METER?  PH,  LOG  OF  HYDROGEN  CONTE 
WFIGHT  Of  ROOTS  CONTAINED  PER  CUrS 
TACHABILITY  OK  SOIL  BY  FLOWING  WA 
FROM  A  SOUARE  METER  OF  SURFACE; 
WEIGHT  OF  PARTICLES  OF  DIAMETER  G 
DIVIDED  BY  TOTAL  WEIGHT  Of'  SOIL  P 
WHEN  WET  IN  GRAMS  PER  GRAM  I  MU, 
GRAMS  PER  GRAM;   MUM,  MOISTURE  ST 


IN  DEC! 

ter;  s 

I  STUPE 
-RETENT 
STURE  C 
APACITY 
ETERS  P 
TED  SOI 
MI  IN  hi 
1C  DFCI 
TER  IN 
CPR,  CO 
REATER 
ARTICLE 
MOISTUR 
ORAGE  D 


METERS 

M,  SOI 

STRESS 
ION  CA 
APACIT 

IN  GR 
ER  CUB 
L  IN  M 

oi.  s  PC-: 

METER 
K I  LOOP 
ARSE  P 
THAN  . 
s;  MW 
E  CONT 
EPLFTE 


5   VW,  VO 
L-MOISTUK 

IN  GRAMS 
P ABILITY 
Y  IN  GRAM 
SMS  PER  G 
IC  CENTIM 
ILLIMHOS 
R  LITER; 
OF  soil; 
AMS  PER  H 
ARTICLE  P 
25  MTL.l.TM 
,  MOISTUR 
ENT  WHEN 
D  IN  DECI 


LUME 

E  CONTENT 

PER 
AT  PF 
S  PER 

ram; 
ETERl 


2,3^ 


VS, 
EC, 


PER  CENTI- 
POOTS, 
DET,  DF- 

OUR 

AT  10  - 

ETERS 

E  CONTENT 

DRY  IN 

METERS. 


H  DM   VW 


SM 


PF 


MKC   VMC   SMC   VS 


EC 


PH   ROOTS   DET   CPR 


R  1 


1    0.75 

.190 

4.28 

.379 

0.96 

1.04 

.35 

0.65 

6.15 

100.6 

0.3 

.003 

2    ] 

L  .05 

.103 

4.06 

.184 

0.57 

0.53 

.26 

0.52 

6.20 

13.1 

0.5 

.001 

3    ] 

1.19 

.095 

4.03 

.168 

0.46 

0.44 

.29 

0.56 

6.37 

14.0 

0.6 

.001 

4    ] 

.28 

.113 

3.7b 

.178 

0.41 

0.53 

.34 

0.45 

6.46 

7.7 

0.6 

.003 

5    J 

,.07 

.09  7 

3.73 

.152 

0.56 

0.4  3 

.29 

0.49 

6.72 

5.4 

0.6 

.002 

b    ] 

1.10 

.132 

3.2/ 

.1/4 

0.54 

0.44 

.31 

0.45 

6.71 

3.8 

1.6 

.002 

7    ] 

1.16 

.141 

3.29 

.187 

0.48 

0.47 

.34 

0.45 

6.62 

5.2 

0.6 

.001 

8    J 

L.24 

.162 

3.15 

.205 

0.43 

0.46 

.34 

O.S3 

6.58 

10.3 

2.2 

.001 

9    ] 

1.24 

.166 

2.76 

.18b 

0.43 

0.45 

.35 

0.47 

6.64 

4.1 

1.5 

,001 

10    ] 

L.ll 

.152 

2.88 

.1/8 

0.52 

0.41 

.33 

0.38 

6.70 

1.5 

1.0 

.001 

11     ] 

i.04 

.169 

2.38 

.1  /2 

0.59 

0.41 

.32 

0.35 

6.74 

1.5 

0.8 

.001 

12    J 

L.25 

.156 

2.33 

.156 

0.42 

0.37 

.30 

0.34 

b.81 

l.l 

0.6 

.003 

13    J 

L.25 

.171 

2.34 

.1/2 

0.42 

0.40 

.31 

0.45 

6.79 

2.8 

1.2 

.002 

14    J 

l.40 

.186 

2.33 

.167 

0.34 

0.41 

.34 

0.38 

6.90 

1.4 

0.6 

.001 

15    ] 

L  .32 

.208 

2.62 

.225 

0.38 

0.f7 

.36 

0.56 

6.96 

3.3 

1.2 

.001 

16    J 

1.56 

.176 

2.34 

.1/7 

0.26 

0.41 

.34 

0.50 

7.02 

2,2 

1.0 

.002 

17    J 

L.43 

.203 

2.34 

.204 

0.32 

0.44 

.36 

0.53 

6.92 

6.4 

1.4 

.001 

18    ] 

L.56 

.187 

1.85 

.167 

0.26 

0.43 

.35 

0.48 

7.11 

1.7 

0.9 

.002 

19    ] 

1.53 

.180 

2. 38 

.183 

0.2^ 

0.43 

.35 

0.53 

7.00 

2.7 

1.1 

.003 

20    ] 

L.70 

.205 

2.24 

.200 

0.21 

0.43 

.37 

0.48 

7.12 

1.5 

0.7 

.002 

21     1 

L.57 

.191 

2.20 

.165 

0.26 

0.38 

.33 

0.49 

7.08 

1.5 

1.2 

.002 

22    ] 

L.45 

.212 

2.04 

.197 

0.31 

0.4  1 

.32 

0.46 

7.10 

1.2 

0.6 

.002 

23    ] 

i.40 

.221 

1.96 

.203 

0.3** 

0.40 

.36 

0,46 

7.14 

1.1 

0.9 

.002 

24    ] 

L.48 

.208 

2.27 

.205 

0.30 

0.42 

.36 

0.52 

7.04 

1.3 

0.9 

.004 

25    ] 

1.53 

.202 

2.09 

.  190 

0.27 

0.42 

.35 

0.53 

7,07 

3.0 

0.9 

.004 

26    ] 

1.52 

.251 

1.85 

.224 

0.28 

0.44 

.35 

0.48 

7.08 

1.5 

1.4 

.002 

27 

L.46 

.236 

1.9<+ 

.215 

0.31 

0.4  3 

.36 

0.48 

/.08 

1.7 

1.1 

.002 

28    ] 

L.52 

.210 

1.93 

.191 

0.28 

0.41 

.35 

0.4  7 

7.09 

1.7 

0.7 

.003 

29 

L.61 

.208 

1.92 

.169 

0,24 

0.38 

.29 

0.45 

7.13 

2.5 

0.7 

.006 

30 

L.59 

.215 

1.63 

.183 

0.25 

0.40 

.31 

0.42 

7.17 

2.7 

1.5 

.004 

31 

1.60 

.258 

1.95 

.236 

0.25 

0.45 

.34 

0.51 

6.90 

1.3 

1.4 

.001 

32    . 

L  .60 

.232 

1.86 

.208 

0.25 

0.41 

.34 

0.47 

7.11 

1.6 

1.3 

,002 

D-l 


H  OM   VW 


5M 


PF 


MRC   VMC   SMC   VS 


EC 


PH   ROOTS   DET   CPR 


R  2 


I 

1.35 

.038 

5.76 

.304 

0.36 

0.42 

.34 

0.76 

6,97 

9.6 

3.7 

.008 

2 

1.61 

.036 

5.4<e 

.1  12 

0.25 

0.36 

.25 

0.52 

7.28 

6.6 

5.3 

.028 

3 

1.62 

.051 

4.98 

.15/ 

0.24 
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Table  E4  . — Periphyton  and  phytoplankton  list  by  genera 


Perlphyton 

Green  algae 

Ankistrodesmus 
Mougeotia 
Spirogyra 
Ulothrix 

Blue  green  algae 

Anabaena 

Lyngbya 

Oscillatoria 

Diatoms 

Achnanthes 

Amphora 

Caloneis 

Cocconeis 

Cymatopleura 

Cymbella 

Diploneis 

Epithemia 

Fragilaria 

Gomphonema 

Gyrosigma 

Hantzschia 

Me rid ion 

Navicula 

Nitzschia 

Pinnularia 

Rhoiocosphenia 

Rhopalodia 

Stauroneis 

Surirella 

Synedra 

Euglenoids 

Euglena 

Flagellates 

Tribonema 


Phytoplankton 

Green  algae 

Ankistrodesmus 

Carteria 

Chlamydomonas 

Chlorella 

Cosmariura 

Scenedesmus 

Spaerellopis 

Blue  green  algae 

Anabaena 
Anacystis 
Lyngbya 
Oscillatoria 

Diatoms 

Achnanthes 

Amphiprora 

Amphora 

Cyclotella 

Cymbella 

Epithemia 

Fragilaria 

Gomphonema 

Gyrosigma 

Hantzschia 

Melosira 

Meridion 

Navicula 

Nitzschia 

Pinnularia 

Rhoiocosphenia 

Rhopalodia 

Synedra 

Euglenoids 

Euglena 
Trachelomonas 
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Table  E5. — Benthic  invertebrate  list  by  family 


Benthic  invertebrates 


Agrionidae  (Dragon  fly) 
Baetidae  (May  fly) 
Ceratopogonidae  (Biting  Midge) 
Chironomidae  (Midge) 
Corixidae  (Water  Boatman) 
Culicidae  (Mosquito  &  Phantom  Midge) 
Dytiscidae  (Predaceous  Diving  Beetle) 
Gamaridae  (Scuds) 


Gerridae  (Water  Strider) 
Glcssiphoniidae  (Leeches) 
Hydracarina  (Mite) 
Limnephilidae  (Caddis  fly) 
Perlodidae  (Stone  fly) 

Physidae  (Pouch  Snail) 

Sphaeriidae  (Fingernail  Clams) 
Tipuliidae  (Crane  fly) 
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